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ANNOTATION

The book presents the results of experimental investigations indicating
that the action of supplementary nonspecific stimuli on the organism produces
a significant increase in the resistance of the organism to pathogenic
stimuli, which is of great importance in the prophylaxis of disease. A
critical role in the development of these phenomena is assigned to the pheno~
mena of the inhibition of pathological processes by the creation of a ''mon-

specific focus" of the dominant stimulus.
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"Why is the pathological state not our
affair? On the contrary, it is pre-
cisely the physiologist with his ability
to take methodical and logical approaches
to the study of life who is the rightful
worker in this field."

I. P. Pavlov

(Collected Works, Vol. II. Moscow -
Leningrad, 1946, p. 348).

FOREWORD

The present book is concerned with the mechanisms of the change of
reactivity of the organism under the influence of so-called nonspecific
stimuli. In his experimental investigations, beginning in 1953, the author
of this foreword was able to show that such actions as injection of turpen-
tine, production of artificial pneumothorax, action of faradic current on the
sciatic nerve, etc., can produce a sharp rise in the resistance of an

organism and inhibit many pathological processes.

The development of these pathological processes involves the participa-
tion of the nervous system to a greater or lesser degree, and we could there-
fore assume that supplementary nonspecific stimuli act primarily on the
neuro-reflex components of pathological reactions, thereby altering the
course of the process as a whole. By that time, however, we had become
acquainted with the work of H. Selye, who treats similar phenomena from a

different point of view.

Selye introduced the term ''chiasmic resistance'" to designate similar
phenomena, assuming that the change in the reactivity of the organism under
the influence of nonspecific stimuli depends on the production of so-called
"adaptive hormones." The teachings of Selye regarding ''stress' have been

widespread, as we know. Selye and his associates have published over 1700



papers on this subject. Thirty-nine monographs by Selye devoted to "stress”
have appeared in different languages. In our troubled times, with so much
going on and with man in the grip of ever-increasing stress, the word "stress"
has become a sort of symbol of the times and their effect on the organism.

The number of publications on stress in all nations totals tens of thousands,
and it is impossible for an investigator to review them. The concept of Selye
and his followers has in fact ignored the role of the nervous system in
pathology and the principles of nervism in general. Moreover, the nervous

system plays an important and leading role in all the reactions of the organism,

both physiological and pathological.

Since our treatment of the phenomena of the increase in resistance of the /4
organism under the influence of supplementary nonspecific stimuli proceeded
from a recognition of the primary role of the nervous system in these pheno-
mena, and, consequently, differed in theory from Selye's treatment, it was
necessary to conduct studies which would make it possible to answer the
question of which viewpoint is more correct. Since 1961, V. M. Smirnov
(who was then a student and is now a member of the scientific group at the
Department of Physiology) has participated in our experimental work. During
the last ten years, we have twice undertaken an experimental proof of several
aspects of Selye's concept. These tests failed to support a number of the
basic concepts of the latter school and showed that the mechanisms of non-
specific resistance cannot be attributed to changes in the level of "adaptive
hormones" in the blood, but are much more complex in nature., It is the ner-
vous system which plays the principal and crucial role in the regulation of

the phenomena of reactivity of the organism.

In this book, we are presenting the results of these experimental
investigations for the reader to evaluate. It is possible that this book will
serve, not only as a summation of this stage of the experimental polemic with
Selye, but also as an attempt at further development of the principle of

nervism which (we are deeply convinced) was and still is the cornerstone of

medical theory.
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CHAPTER I.

THE NERVOUS SYSTEM AND PATHOLOGICAL PROCESSES

Even the doctors of antiquity were well acquainted with the signifi-

cance of psychic and moral factors in preventing illness.

"The straining of the mind toward some goal brings courage with it,

always directed to the strengthening of life," wrote Hippocrates. "Happy
people always get better," declared Ambrose Paré, while Seidenheim said that
"the arrival of a clown in town is better for the health of the inhabitants
than dozens of mules loaded down with medicines." The great Russian sur-
geon, N. I. Pirogov, showed remarkable insight when he remarked that the
wounds of goldiers in a retreating army heal more slowly than those of the

victors.

The famous Russian physician, S. P. Botkin, felt that the nervous system
was extremely important in both the development and prevention of disease.
Botkin, together with I. M. Sechenov, was largely responsible for laying the
foundations of the scientific school which has been called "nervism', charac-
terized by an effort to extend the influence of the nervous system to the

largest possible number of processes in the organism.

*
Numbers in the margin indicate pagination in the original foreign text.



Nervism in Pathology

The physiology of the intact organism, founded by I. P. Pavlov, was the
basis of a new stage in the development of nervism. The objective study of
the behavior of an organism and the founding of the physiology of higher
nervous activity made it possible to study the important role of signals from
the outside environment and conditioned reflex mechanisms in the development
of pathological processes. I. P. Pavlov showed that "extreme stimuli" of
the nervous system can cause serious damage in many organs and systems which

can be termed pathological reflexes.

All of these studies were continued and expanded by the co-workers and

pupils of I. P. Pavlov.

A. D. Sperangkiy studied the causes and mechanisms of the development
of so-called "nervous dystrophies”, revealed the reflex mechanism of the
development of many illnesses and pathological disorders, and showed how

to cure them by working on the nervous system,

A significant contribution to the development of nervism was made by
M. K. Petrova. 1In her experiments, she studied the effects of overstraining
the stimulatory and inhibitory processes in the human cerebral cortex and
disruption of higher nervous activity on the organism of experimental

animals. One group of animals was used in a systematic study of conditioned



reflexes, in which a certain schedule of work and rest was maintained, and
the nervous systems of the animals were protected against overstrain and
extremely difficult problems. Another group of animals was subjected to
tests that produced systematic overstrain of the nervous processes in the
brain cortex. .The latter group of dogs was faced with difficult problems
which caused overstrain of the nervous system, so that experimental neuroses
developed. After several years of conducting these tests, a result was

obtained which even the experimenter himself did not anticipate.

All the dogs which had been subjected to nervous traumas developed
various pathological conditions. The animals lost weight rapidly, shed their
fur, and developed eczema, furuncles and ulcers, which they did not long
survive. Muscular weakness did not allow these animals to mount the stand
for their tests, even if a step-stool were placed next to it. The dogs aged
and became decrepit rapidly. Malignant tumors developed in several instances.
All of these pathological processes developed without the specific action of
poisons, germs, etc., but merely by changing the signals from the environment,
the effect of various conditional stimuli and various problems that placed a
strain on the nervous system, which could be termed a disruption of the
normal equilibrium of nervous processes in the brain cortex and lead to

neurosis.

"However, those animals that had been shielded from nervous traumas,
whose nervous systems were given optimum conditions for normal function,
remained in complete nervous equilibrium all the time ... In contrast to
the neurotraumatized animals, as we have already said, they were completely
free of any cutaneous and neoplastic processes of the intermnal organs,"
writes M. K. Petrova. '"All of them, though older than the neurotics (by 1
to 3 years), still looked much younger; their muscle tone was high, they
scrambled rapidly up the stairs to the laboratory and bounded onto the stand.
They all lacked any signs of a rapidly aging organism, as were seen in the
neurotics." (Petrova, 1946). These dogs lived much longer than the neurotic

ones.



"Thus, we were taken completely by surprise by the fact of the important
problem of aging, and especially by the cause of premature aging of the
organism," writes M. K. Petrova. '"Our experimental data indicate that the 17
central nervous system plays the initial and principal role in the process of
aging of the organism, mainly the cerebral cortex and the other systems linked

with it" (Petrova, 1946).

Another pupil of Pavlov, Academician K. M. Bykov, found a close re-
lationship between the cerebral cortex and the functions of the internal
organs. He showed that the activity of the internal organs, like the behavior
of animals, can be regulated by the cerebral cortex through the mechanism of
conditioned reflexes. Bykov and his associates observed that extremely
interoceptive stimuli can lead to the development of isolated areas of
increased excitability in the cerebral cortex and the adjacent subcortex.
The circulation of afferent and efferent impulses between such an area and
some internal organ forms a unique "vicious circle" that continually main-
tains pathological reflexes which lead to persistent disturbances of the
functions of that organ. In this manner, the cortico-visceral theory of

pathogenesis was formulated for several ailments.

A. 0. Dolin showed that the development of many pathological processes
(sometimes even fatal ones) is possible, depending on the type of conditioned
reflexes. Thus, disturbances that are initially functional can turn into

persistent organic injuries.

The participation of the nervous system in the development of patholo-
gical processes is not limited to the latter alone. Any disease, as we know,
is a disturbance of the vital activity of an organism, developing under the
influence of excessive stimuli from the external and internal environments.
This results, on the one hand, in the appearance of the phenomenon of "break-
down", i.e., damage to some functions and structures of the organism, and on
the other hand, to processes of protection, i.e., the taking of "physiological
measures' against the harmful agent, as well as compensatory processes. At

various stages of development of any disease, these three types of reaction



(damage, protection and compensation) may be manifested to varying degrees.
These reactions are sometimes so closely interwoven in a single syndrome

that it is simply impossible to separate them. At certain stages of illness,
such strong phenomena of "protection" and "compensation'" arise that they
themselves begin to constitute a definite danger to the organism. Serious
harm to the organism and even death sometimes occur not because of the damage
done by a disease-producing agent, but because of the extremely pronounced
"protective" reactions of the organism. All protective reactions, like all
processes of the vital activity of the organism in general, are subject to
the regulatory action of the nervous system. Hence, the debate over what the
nervous system actually "organizes', the "disease" or the 'physiological
measures'' against the disease, is pointless in itself. Disease is often the

result of ar extremely severe "physiological measure".

The nervous system regulates all the functions and forms all the re-
actions of the organism, and it is natural that it retains this role even
when "extreme stimuli" are acting on the organism. Protective reactions are
primarily the reactions of specialized systems of the organism whose function-
al intensity is regulated by the nervous system. The compensation processes,
on the one hand, are the result of the development of new systems of con-
ditioned reflexes which "fill the gap" in the system of reactions of the
organism that develops as the result of "breakdown" and death of certain
structures (Asratyan, 1953); on the other hand, compensation processes
develop with an increase in the functional intensity of the intact structures,

organs and tissues to ensure performance of a specific function.

The role of the nervous system in the development of protective re-
actions, i.e., '"physiological measures against disease'" is obvious and does
not call for any special remarks. We must dwell in somewhat more detail on
the question of the participation of the nervous system in certain "breakdown"
reactions, i.e., damage to the organism under the influence of '"extreme stimu-
1i". We know that in the course of evolution the nervous system has become
specialized as a system that receives external and internal signals and then

analyzes, stores and transmits the information. These properties of the



nervous system, of course, manifest themselves in cases when the organism is
subject to "extreme stimuli". Although a pathogenic agent by its direct
action may harm not only the nervous system, but any organ or tissue, its
effect is often directed primarily at the afferent nerve apparatus in the
tissues. Their excitability with respect to the action of adequate stimuli,
of course, is much greater than the direct excitability of cells and tissues.
But the "extreme stimuli" may be inadequate (i.e., there are no specialized
receptors for them). The excitability of the afferent nerve apparatus with
respect to these stimuli may be the same as the excitability of the surround-
ing tissues. Even in the latter case, however, the nervous system may parti-
cipate in the reaction to a greater degree than the other tissue elements or
may be insufficiently sensitive to the action of the pathogenic stimulant
itself. On the other hand, it may react very delicately to changes in the

organism and tissues that arise under the influence of the latter.

Hence, the involvement of the nervous system in a reaction under the
influence of a pathogenic stimulus is linked either to a direct or indirect
reception of the stimulus. However, the subsequent reactions and changes in
the organism depend in large measure on the effect of the stimulus on the
nervous system. Denervation of the organ or tissue, as well as total in-
hibition of the nervous system (under anesthetic) can of course alter the
course of a number of pathogenic processes. Some pathological reactions can
themselves take the form of conditioned reflexes (A. 0. Dolin). In man, a
signal of this kind may be a word which in certain cases can harm, cause

serious damage and even kill (Platonov, 1962).

We have said enough to be able to characterize in a very general form
the role of the nervous system in the development and growth of pathological
processes., We know, however, that the nervous system participates in the
regulation of the processes of vital activity of organs and tissues (in the
normal and pathological states) in a "union'" with the humoral regulation
mechanisms, especially with the endocrine glands. Although the endocrine
glands and other humoral regulatory factors are merely individual links in

the composition of nervous regulatory effects, it is necessary to consider

frae.
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the processes of nervous regulation without these links., TIn exactly the
same way, it is completely useless to attempt to absolutize these links and

the assumption that they alone can produce the adaptation reaction.

An immense body of literature is devoted to the role of the nervous
system in pathology. Lacking space here to discuss these important problems,
we refer the reader to a number of monographé, papers and collections of
articles devoted to the problem of nervism in pathology (Ado, 1953; Asratyan,
1953; Borodulin, 1949; Bykov and Kurtsin, 1960; Galkin, 1944; Dolin, 1952;
Speranskiy, 1935, et al.)

We will dwell only briefly on the question of the role of the nervous
system in the development of "typical" pathological processes: disorders of
the blood circulation, thromboses and emboli, atrophies, dys- and hyper-
trophies, metabolic disturbances, vascular permeability, processes of
regeneration and the growth of tumors, since our own experimental studies are

concerned with these matters.

Disturbances of the blood circulation. The principal regulator of the

blood circulation, as we know, is the demand of the tissues for oxygen and
nutrient substances. All of the different adaptive reactions of the hemo-
dynamic apparatus for various states of the organism are achieved primarily

through neuroregulatory mechanisms.

Naturally, pathological changes in hemodynamics, accompanied by a change
in the adaptive reactions, do not constitute an exception. These distur-
bances arise either as the result of damage to the nervous regulatory
mechanisms or (in individual cases) are manifestations of compensatory and
protective reflex reactions by the organism which occur with the participa-

tion of the nervous system but are extremely pronounced.

Thromboses and emboli. The question of the role of the nervous system

in the regulation of blood coagulation processes and the functioning of the

anticoagulant system has been the subject of a large number of studies, which



were surveyed by A. A. Markosyan (1960), B. A. Kudryashchov (1960) and other
authors. In many cases, the development of thromboses is connected with a
disruption of these normal regulating effects. The problem of the role of
the nervous system in the development of reactions to an embolus will be

discussed in detail later on (in describing our own experiments with emboli).

Trophic disorders. We know that "function shapes the organ." 1In fact,

it is activity which supports the very structure of the living tissue; an
increase in the intensity of function of any organ or tissue will lead to
hypertrophy, specifically to an increase in the mass of the functional

protein structures.

The relationship between the intensity of the organ functions and the
rate of protein synthesis makes it possible to understand the mechanisms of

the trophic function of the nervous system and the reasons for the development

of so-called "nervous dystrophy."

The intensity of the processes of vital activity of an organism and its
individual structures is governed by the regulatory activities of the nervous
system. A change or disruption of the function of the nervous regulatory
apparatus obviously can have an effect on the processes of the ''plastic
guarantee of functions" and lead to the appearance of trophic disorders.

Of course, the problem of the role of the nervous system in the development
of dystrophic processes has itself been the subject of many years' careful

study and has been discussed in a great many specialized works (Pavlov, 1920;

A. Speranskiy, 1935; A. V. and A. A. Vishnevskiy, 1952, etc.).

Involvement of the nervous system in the development of inflammatory

processes. The development of all components of an inflammatory reaction,
which include vasodilatation (hyperemia), increased permeability of vascular
walls, appearance of edema, alteration of tissues, as well as cell reactions
is the object of regulatory actions of the nervous system. We are reminded
of the role of the nervous system in circulatory disturbances and phenomena

of alteration and dystrophy. Likewise, other components of the inflammatory



process, such as permeability of the vascular wall and cell reactions, are

dependent on the regulatory phenomena of the nervous system.

The well-known works of K. M. Bykov (1944) and his co-workers showed
that it was possible to have changes in permeability produced by conditioned
reflexes. In these experiments, a combination of a previously indifferent
stimulus (conditioning signal) with some unconditioned effect that changes
the state of permeability meant that the most indifferent stimulus became an

active agent and actively changed the process under study.

We should also mention the large number of observations which indicate
a change in vascular permeability in man under the influence of verbal sugges— /11
tion in a hypnotic trance (Platonov, 1962). A typical second-degree burn —
development of tissue alteration and considerable exudate — was observed
following simple verbal suggestion that "a hot object is being applied to

the skin."
The question of the change in permeability of vascular walls and changes
in the hemato-parenchymatose (histohematic) barrier will be discussed in more

detail in the next chapter in describing adrenalin edema of the lungs.

Processes of tissue regeneration and tumor development. I. V. Davy-

dovsgkiy (1961) emphasizes the important role of the nervous system in re-
generation processes. He presents a number of facts which indicate that
disruption of the innervation of organs and tissues inhibits regeneration
processes. As we know, the matter of regeneration is linked not only with
the restoration of a mass of material substrate but also with the very
rapid stimulation of this substrate to activity, since the "very fact of
inclusion completes the regeneration process and confers on it the outlines
of biological and functional completeness.'" However, the actual stimulation
to function and the regulation of the function of organs and tissues is

accomplished, as a rule, by the nervous system.



There are many observations which show that the nervous system plays
a part in the development and growth of many tumors. Clinicists are
familiar with the significance of psychic traumas, overstresses and dis-
ruptions of higher nervous activity as factors which favor the appearance of

malignant tumors. These data agree with the works of M. K. Petrova cited

above.

We should keep in mind the large number of experimental data on the fact
that the transplantation of tumors or their induction by cancerogenic sub-
stances is accomplished more readily in cases where local tissue innervation
has been disrupted. Detailed abstracts of these experiments are to be found

in the works of N. N. Petrov (1947) and I. M. Neyman (1961).

Hence, the nervous system is involved in the development of fundamental,
"typical" pathological processes. But since the syndrome of any disease
usually consists of different combinations of these '"typical" processes, it
is clear that the nervous system plays a very important part in the develop-

ment of the individual elements of the syndrome of any disease.

This makes it understandable why certain effects on the nervous system
can aid in the prevention and cure of many ailments. We have in mind the
change in the nature of the development of many pathological processes in the
anesthetized state (Galkin, 1944) or in hibernmation (Kalbukhov, 1946), the
curing by sleep of not only neuro-psychic, but certain somatic ailments
(Asratyan, 1953), treatment with novocaine block (A. V. and V. V. Vishnevskiy, /12
1952), therapy using the action of a supplementary nonspecific stimulus
(Speranskiy, 1946) and many other methods of influencing the pathological

process through the nervous system.,

It is not the purpose of this book to deal with these questions. We must
examine the significance of only one of the important principles of the
functioning of the nervous system, to wit: the principle of dominance in

the development (and especially the prevention) of certain pathological

10
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processes. To do this, we must begin by examining in greater detail the basic

outlines of the theory of A, A. Ukhtomskiy regarding dominance.

A. A. Ukhtomskiy's Theory of Dominance

As we know, the concept of dominance began to take shape under the
influence of facts obtained in experiments involving stimulation of the

cerebral cortex.

"In the spring of 1904," recalls A. A. Ukhtomskiy, "I chanced to make
the following observation: while preparing a dog for one of N. Ye. Vveden-
skiy's experiments on the motor region of the cerebral cortex, I was
determining the location and excitability of the cortical centers of the
forelegs, using faradic currents and applying them with the usual bipolar
transferable (platinum) electrodes. This took place approximately 30 minutes
after bilateral exposure of the cortex and at a time when the chloroform
anesthetic used in the operation had not been administered for 20 minutes. I
was soon struck by the following phenomenon: following a series of more or
less pronounced movements which I succeeded in producing in the forelegs
from the cortex, the excitability of the corresponding cortical areas
innervating these movements of the extremities decreased suddenly; applying
the electrodes to the points from which I had just evoked very clear and
definite movements in the shoulders and upper forelegs, in the prepared
digital extensor, I was now not obtaining any kind of definite movement,
but instead was beginning to evoke weak movements in the tail. Somewhat
confused, I began to increase the stimulating current, then applied the
electrodes once again to the same points on the cortex which usually inner-
vate the forelegs; now, with increased stimulation, the following picture
became very clear: no movements were visible in the forepaws, but instead
each stimulus of the cortex resulted in the tail being raised, the amount of
lift increasing with the current intensity. Then suddenly the contents of
the large intestine were expelled, evidently with great force; almost
immediately afterward, the centers for the forelegs began to act normally,

i.e., when currents were applied to the corresponding points in the cortex,

11



the previous definite movements of the forepaws began to show up once again.
The thresholds of cortical excitability of the forelegs even decreased
somewhat for a period of time relative to wvhat they were prior to the above-

described temporary ''decrease in cortical excitability."

At that time, back in 1904, I did not see any clear physiological
meaning in this observation, but the combination of phenomena per se inter-
ested me, and I wrote it down so as not to forget. Later on, as I became
gradually more acquainted with inhibition processes in the nervous system,
under the guidance of Prof. N. Ye. Vvedenskiy, I began to surmise that in
this observation, in all probability, I had been dealing with the phenomenon
of chronological inhibition of cortical innervation of the forelegs. From
this viewpoint, however, the relationship between the phenomena in the obser- /13
vation described above is of interest for still another reason: stimulation
of the cortical centers for the extremities did not evoke movement in the
latter, but failed to reach them and each time evoked a movement of the tail
until, finally, the act of evacuating the bowels occurred. A stimulus that
arose in the cortical centers for the forelegs, instead of going to the
latter in the usual fashion, so to speak, took other, unconventional path-
ways.that innervate the tail and in all probability the intestine as well.
From the standpoint of the theory of inhibition and corroboration of the
stimuli, the phenomenon can be interpreted as follows: the cortical inner-
vation did not cause visible effects on its usual pathways because of
inhibitions that developed along them, and at the same time produced

corroborations of stimuli on other, separate pathways." (Ukhtomskiy, 1911,

pp. 31-32),.

In 1911, a work appeared that was devoted to comprehensive experimental
study of similar facts. It showed that the reactions of an animal when a
specific motor region of the cortex is stimulated are not stereotyped. They
depend on the functional state of the central nervous system as a whole, which

is determined by the nature of the afferent impulses reaching the brain.
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In the case when the test stimulus is preceded by the arrival in the
cortex of powerful signals from other organs, the reaction of the organism
changes. Thus, for example, previous distension of the large intestine
means that the test stimulus does not produce the usual withdrawal of the
paw, but the uncharacteristic act of defecation. The reaction involving

withdrawal of the paw is inhibited.

The exact same reaction is inhibited by preliminary stimulation of the
oral receptors by water and the appearance of swallowing movements. De-
pression of the movement of the hind legs when the motor area of the cortex
is stimulated appeared approximately 30 seconds after the beginning of

swallowing movements and continued for some time, even after they had ceased.

In 1923, A. A. Ukhtomskiy used the term "dominance" for this phenome-
non (from the Latin '"dominare'", to rule). Experimentally and theoretically,

Ukhtomskiy substantiated his theory of dominance as the basic principle of the

functioning of nerve centers.

Prolonged action of afferent impulses causes the appearance in the
central nervous system of a "local focus of increased excitability." This
focus can "attract" any waves of excitation circulating in the CNS, and its
excitation is intensified because of them. The result is an inhibition of
other reflexes, since stimuli that cause the development of these reflexes are
now addressed to the dominant focus and are only capable of increasing its

excitation.

"In conjunction with the formation of the dominant center, all of the
excitation energy seems to flow to it from other centers and the latter are
then inhibited due to inability to react." (Ukhtomskiy, 1923). /14
A focus of increased excitability can be formed under the influence not
only of afferent impulses, but under the action of humoral factors as well:

pharmacological effects of local chemical and ionic changes in the CNS and
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substances introduced to the brain with the blood flow, as well as under the

influence of hormones.

"The dominance of sexual excitement in a female cat, isolated from males
during heat, is largely expressed in a pronounced and stable picture. The
most diverse stimuli, such as the clatter of dishes on a table that has been
set, calling the animal to its feed dish, etc., now do not evoke the usual
meowing and lively begging for food, but only an intensification of the heat
syndrome. Application of large doses of bromide preparations, even up to
doses that cause bromism phenomena, cannot efface this sexual dominance in
the centers. Even when the animal is lying completely relaxed on its side,
various stimuli produce the same heat syndrome first of all. The established
dominance is evidently very inert and permanent in the centers. Even a state
of extreme fatigue still does not erase it. One gets the impression that
dominance may become still more pronounced than normal when function of the
CNS is retarded by the influence of fatigue or bromates, until it is finally

extinguished" (Ukhtomskiy, 1923, p. 165).

The focus of increased excitability forming the dominant area does not
arise at the cerebral cortex alone, emphasizes Ukhtomskiy. By allowing
strychnine to act on a certain portion of the cerebellum of a spinal frog,
one can create a stable local focus of increased excitability, at which any
stimulation of the body begins to evoke not the reflexes typical for these
stimuli, but reactions which are characteristic of centers possessing

increased excitability.

"The rather stable excitation occurring in the centers at a given
moment acquires the significance of a dominant factor in the function of the
permanent centers; it accumulates within itself the excitation from remote
sources, but inhibits the ability of other centers to react to impulses that

are directlv related to it" (Ukhtomskiy, 1925, p. 197-198).

"... We can create separate sensory and motor dominance in the spinal

frog, subjecting the cerebellar areas to local poisoning, first in back (with
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strychnine or phenol) then in front (phenol). The sensory dominance in the
area of the rubbing reflex is expressed by the fact that although we have not
stimulated the frog, it still rubs those areas of the skin which correspond

to the poisoned segment of the brain: the reflex is splendidly coordinated,
though not directed at the actual site of stimulation, but at the hyperes—
thetic zone of the skin. Figuratively speaking, we can say that the cerebellum /15
now interprets various stimuli as if they applied to the hyperesthetic zone.
On the other hand, motor dominance in the rubbing region speeds up and inten-
sifies the rubbing action, but is directed at the actual site of the stimulus.
The centers project the stimulus completely correctly and only the motor
accomplishment of the reaction is accelerated and irregular" (Ukhtomskiy,

1924, p. 191).

The ability to form dominant areas has also been mentioned in the
nervous system of lower animals, for example, in the ganglia of the Gastro-

poda, the nerve elements of the marginal bodies of jellyfish, etc.

"Is it necessary to think of dominance as a topographically isolated
point of excitation in the central nervous system? According to all the
data, fully developed dominance is a complex of specific symptoms in the
entire organism — in the muscles, in secretory activity, and in vascular
activity. It is therefore rather a specific constellation of centers with
increased excitability in different stages of the cerebrum and cerebellum,

and in the autonomic system as well," writes Ukhtomskiy (1923).

But when does dominance cease to exist under natural conditions? After
satisfying the biological needs that created it, i.e., as soon as its con-
ditioned reflex activity is complete, or as soon as it ceases to be main-
tained by the action of afferent signals or humoral excitation (for example,
the action of hormones). Dominance also disappears in those cases when a
new dominance, incompatible with the first, arises in the centers under the

influence of new factors.
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"When dominance consists of a chain reflex aimed at a specific resolving
action, the latter will be the end of the dominance. When swallowing,
defecation, embracing have reached the final stage, it will be the end, but

the endogenic end, of the corresponding dominance.

It is possible, however, for a new dominance to arise in the centers,
which is incompatible with the first. The tendency toward restless locomotion
in decerebrate animals does not lead to a decline of the dominance of rubbing.
The development of a new dominance, one which is functionally incompatible with

the first, marls the exogenic end of dominance.

It is also conceivable to have direct inhibition of dominance "in the
brain'" from the higher levels of the CNS (for example, from the cortex). We
know that both inhibition and excitation from the cortex are especially
powerful in their action on the spinal centers. It is remarkable, however,
that the cortical effects that are obtained by stimulating the cortex with
electrical currents and that are equally powerful in the conflict with spinal
reflexes for control of skeletal muscles are themselves inhibited by the
dominance of defecation and swallowing. It makes one think that direct in-
hibition from the cortex, directed at dominance "in the brain', is achieved

with great difficulty. Of course, the cortex is more successful in its

struggle with dominance, not attacking it directly, but creating a new com-

pensatory dominance in centers." (Ukhtomskiy, 1925, p. 199) (author's

italics).

Hence, under normal conditions the causes which prevent the existence of /16
a given dominance are diverse; first among them, obviously, is the signalling
of the end of a given physiological act (reverse afferentation according to
P. K. Anokhin, 1968). However, as soon as a given dominance has ceased to
exist, for a long time the centers retain the readiness to produce it, and the
entire reaction can arise under the influence of any one of the elements of

the complex that produced it at one time,
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In this revival of extinguished dominance, the critical role is played
by the cerebral cortex. The cortex can revive an entire complex of nerve
reactions that are characteristic of a given dominance, even in those cases
when the direct causes that lead to the appearance of the dominance have

ceased to operate.

The example of sexual behavior is characteristic in this regard. 'The
excitability of the sexual apparatus in the stallion always ceases after
castration, if the animal has not experienced coitus prior to castration.
Sexual dominance in such a case is simply erased from the life of such an
animal. But if the stallion has experienced coitus before castration and the
cortex has succeeded in linking visual-olfactory and somatic impressions with
it, sexual excitement and attempts at intercourse will be renewed in the
gelding in the presence of mares. The endocrine stimuli for the dominance
have vanished, but it can still create its somatic components by purely
nervous pathways, through reflexes along the cortical components" (Ukhtomskivy,

1924, p. 193).

Hence, the ability of the central nervous system to create a focus of
dominant excitation can lead to sharp change and distortion of a number of
stereotyped reflex actions, thereby ensuring the appearance of. response
reactions that are usually not characteristic of the given stimulus and
cause the inhibition (and complete exclusion) of reflex reactions that

usually arise under the influence of a given stimulus.

Since dominance is one of the basic principles of the function of the
nervous system, it is understandable that this principle can appear not only
in physiological, but also in pathological reactions, especially in those
pathological processes in whose development and growth the nervous system

plays an important role.
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The Principle of Dominance and Pathological Processes

I. P. Pavlov repeatedly emphasized that the action of an "extreme
stimulus" can lead to interruption of higher nervous activity, or neurosis.
After the neurosis has been cured and the brain has been restored to functionm,
the cortex may for a long time retain an isolated large area whose excitabi-
1ity markedly exceeds the excitability of other areas. The result is the

development of a sort of latent pathological dominant focus.

In this case, even a weak stimulus directed to this focus can evoke
inadequately strong reactions of the organism, to create a picture of neurosis f17
and interruption of higher nervous activity, and to cause a number of dis-
orders affecting the internal organs and systems. The studies of K. M. Bykov
et al. have made it possible to understand the mechanisms of disruption of
vegetative functions in experimental neuroses and the development of "isolated
large areas'". Possessing the properties of dominance, such a focus attracts
stimuli from other centers, which can lead to inadequate reactions with
respect to the corresponding internal organs and systems and the development
of pathological processes which in turn support the stimulus in these centers.

The "vicious circle" is complete.

The development of the dominance in the nerve centers, as we know, is
characterized by increased excitability of the dominant focus, strength of
stimulus, capacity for summation, ability to attract stimuli and, because of
the latter, to increase its own characteristic stimulus and to inhibit other
reactions of the organism. If these characteristics of the dominant focus
provide for better adaptation of the organism to environmental conditions in
the normal state, the development of pathological dominance often disrupts
those adaptative reactions and furthers the intensification and seriousness
of many pathological processes, and can lead to the appearance of relapses

that develop in accordance with the mechanism of so~called "trace reactions’.
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The studies of A. D. Speranskiy et al. revealed that the production of
pathological states by the mechanism of "trace reactions'" is also possible
under the influence of nonspecific stimuli, which were not linked previously
with the action of pathogenic agents. The active stimulus in this case must

be "extreme", Thus, a powerful, nonspecific stimulus to the nervous system,

a so-called "second blow" according to A. D. Speranskiy (for example, injection

of turpentine or croton oil into the trunk of the sciatic nerve) in the case
of an animal which in the past has been subjected to experimental tetanus
(produced by the injection of tetanus toxin), produced the development of the
picture of a tetanus relapse. An animal of this sort can die from the
symptoms of tetanus, although no tetanus germs are present in its body.
Similar experiments succeeded in creating in experimental animals the

"

symptoms of "secondary poisoning' with benzene, relapse into various forms
of nervous dystrophy, disruption of kidney function and other pathological
processes. It should be emphasized that the mechanism of "second shock" can
produce not only the phenomenon of '"breakdown'" but also latent reactions of
the organism, for example, leucocytosis, increased titre of specific anti-

bodies, etc.

The appearance of relapses of an illness following the action of extreme
stimuli shows that the cure does not always mean complete liquidation of all
changes that occurred during illness. It can occur even in the compensation
of disturbances by means of development of new conditioned-reflex reactions,
i.e., new relationships within the nervous system. The leading role in these
compensatory processes is assigned to the cerebral cortex (Asratyan, 1953,
1959). The "second shock" may be the cause of an interruption of this com-
pensation and a return of the pathological process that existed earlier. The
mechanisms for development of pathological processes after the '"'second shock"
require further study. We know that pathological states are very hard to
reproduce on the basis of the type of '"trace reactions'". They can arise and
establish themselves only under certain conditions that are especially un-
favorable for the organism and which lead to a weakening of the nervous

system,
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Ideas regarding the development of pathological dominance in centers
formed the basis of the theory of the pathogenesis of hypertonic illness and
other ailments that was developed by clinicists (Lang, 1950; Myasnikov, 1954)
and physiologists (Magnitskiy, 1952; et al.).

Hence, the ability of the nerve centers to create dominance plays an
important role in the development of many pathological processes. We can
therefore imagine that in order to prevent these processes it is important
to know how to inhibit this pathological dominance. As we know, prevention
of dominance is possible under the influence of signals indicating the end
of the auxiliary biological act creating it, due to cessation of the action
of the stimulus that caused the dominance, by direct cessation (inhibition)
of impulses from the cortex and the creation of a new dominance in the centers

that concurs with the given dominance.

Direct inhibition of the dominance, "inhibition in the brain', is not a
simple problem for the cortex, as Ukhtomskiy has repeatedly emphasized.
However, in the case of general inhibition of the central nervous system,
the dominant focus as a rule is excluded by the latter and therefore an attempt
to use soporific or even narcotic agents to combat pathological dominance may
lead to opposite results — inhibition of all other forms of activity of the
central nervous system and retention of relatively stronger dominance against

this background.

The "simplest" and '"most economical"” way to inhibit dominance, according

to Ukhtomskiy, is to create another type of dominance in the centers, i.e.,
to create a second dominant focus, incompatible with the first, which will
lead to the inhibition of the original dominance. We can therefore imagine
that the removal of pathological dominance can obviously be accomplished

according to the principle of negative induction, that results in a process
of "external inhibition", which Pavlov considered to be the most economical
form of inhibition in the central nervous system. It is precisely these

views of Ukhtomskiy and Pavlov that we have tried to use in inhibiting
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pathological dominance with the aid of rather strong supplementary nonspecific
stimuli (Rositskiy, 1954, 1955, 1956a, 1956b, 1962).
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CHAPTER 1II.

INHIBITION OF PATHOLOGICAL PROCESSES UNDER THE
INFLUENCE OF SUPPLEMENTARY NONSPECIFIC STIMULI /19

Many authors have described the possibility of arresting many pathological
processes by using supplementary nonspecific stimuli. Later on, in discussing
Selye's concept, we will give a survey of the literature. In the present
chapter we will limit ourselves only to materials from our own experimental
studies regarding the influence of supplementary nonspecific stimuli on
certain pathological processes. The supplementary nonspecific stimuli that
we used in our different series of experiments were either a pulsed electric

current or the injection of turpentine or formalin.

We know that electric current is by nature the greatest physiological
stimulant, since within certain parameters it causes changes in the organs
and tissues which are analogous to those which occur when the latter are
naturally stimulated; it can be switched on and off at any time during the
experiment and is easy to adjust as far as. frequency and voltage are con-
cerned. Electric current is widely used as a stimulus to produce a dominant
focus of stimulation in the CNS. I. A, Vetyukov (1926) presents data
indicating that dominant foci in the spinal cord of the frog are readily
developed at a slow stimulation frequency (for example, 80 impulses/min), while

dominance does not appear at higher stimulation frequencies (40-60 impulses/sec.)

Electric current is often used as one of the "stressors", producing its

effect through the CNS (Mikhaylova, 1955; Eskin, 1957; Redgate, 1960).

We also used electric current as a supplementary nonspecific stimulus in
our experiments. An induction coil was used as the current source in several

experiments; voltages of 2, 4 or 5 volts were supplied to the primary winding

22

E==



from the line voltage through a transformer. The current was applied after pas-
sing through a breaker on the coil, which determined a stimulation frequency of
50 Hz. 1In other experiments, the source of pulsed current was an electronic.
stimulator which made it possible to vary the frequency and amplitude (strength)
of the current at the output within wide limits. The electrodes were placed

on the thigh muscles or (in some experiments) on the peritoneal wall of the
animal. The current intensity was selected individually and was rather high
(3.5 to 5 mA) but not extreme, in order not to evoke motor reactions on the
part of the animals. When subjected to the action of the current, the ani-
mals, which were fastened to the table, usually lay quietly and were somewhat

passive.

Turpentine. As we know, turpentine has a powerful local stimulating
effect, so that it has been used for a long time in medical practice. As /20
far back as the 16th century, Ambrose Paré was using turpentine in his oint-
ment to cure wounds. Turpentine is now used in several ointments, which (in
A. V. Vishnevskiy's opinion) have favorable trophic effects, stimulating the
nerve elements of the tissue. Purified turpentine is used in medical practice
for inhalation in the case of saprogenic bronchitis, pulmonary gangrene, etc.,
(and also as a '"distracting" medium in many diseases: rheumatism of the
joints, puritis, myosites, neuralgia, etc.). Turpentine is partially oxidized
and combined with glucuronic acid in the organism (man and animals), and is
excreted in the form of this complex. When injected subcutaneously, turpen-
tine acts as a strong stimulus which causes nonspecific turpentine inflamma-
tion, accompanied by significant changes in the functions of many organs.
There is a sharp increase in the secretion of gastric juice, spontaneous
excretion of pancreatic juice, stimulation of secretion from the sweat and

bronchial glands, and increased diuresis.

Turpentine has been used as a strong stimulant by several experimenters
to obtain pulmonary edema. Thus, when turpentine is injected subarachnoidally,
stimulation of the central nervous system causes the appearance of "hemo~
dynamic" pulmonary edema (Chernukh, 1950, 1952, 1954; Sarkisov, 1952; Gamble
and Patton, 1951; Speranskiy, 1942).
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A. M. Chernukh (1950, 1952, 1954) produced pneumonia and pulmonary
edema in rahhits and guinea pigs by injecting turpentine beneath the epi-
neurium of the vagus nerves. The significant decrease in the changes in the
lungs when turpentine is injected into previously novocainized nerves indi-

cates the causative role of nervous stimulation.

Hence, turpentine, as a supplementary nonspecific stumulant, not only
can produce, but can also prevent the development of pathological processes.
It was used for this purpose in our experiments. Turpentine was injected

subcutaneously or intraperitoneally prior to the action of pathogenic stimuli.

Formalin. The other supplementary stimulus which we used in our experi-
ments was formalin. We know that formalin was widely used by Selye and other
investigators as a powerful "stressor'. Selye (1938a) prevented the develop-
ment of adrenalin pulmonary edema by giving three subcutaneous injections of
0.5 ml of 4% formalin solution. By itself, formalin (like turpentine) has a
stimulating effect on animals, but formalin is less toxic for the organism.
It is excreted through all mucous membranes (especially the respiratory
pathways). The excretion of formalin takes place much more rapidly than the

excretion of turpentine.

The present chapter describes the results of an investigation of the
effect of these supplementary nonspecific stimulants on the development of
certain pathological processes: frostbite, tuberculin allergic reactions,

reactions to air embolism, adrenalin pulmonary edema, etc.

These pathological processes were to a certain extent selected by us at
random. We wanted to study pathological processes that were known to be quite
different from one another and whose pathogenic mechanisms were especially

specific and unique.

Since we do not have space within this small book to give exhaustive
detail regarding the pathogenesis of each of these processes, we will limit

ourselves only to the participation of the nervous system in their development.

24



Frostbite /21
The problem of frostbite, as we know, is one of the most serious problems

in world medicine, especially in the armed forces. According to the data of

many authors, frostbite is the cause of as much as one sixth of all hospital
casualties in the armies of the world. The death of tissues following

frostbite leads to crippling and mutilation. The causes of the development

of tissue necrosis in frostbite are not completely clear. The idea that the

cause of tissue death in frostbite is the direct action of cold on cells is

not supported by all the facts. We know that frostbite and tissue death can

arise under the influence of temperatures that are much higher than zero, at

+5° or even +10° ("trench foot"), when there is no question of freezing.

We also know that the cells in tissue which has been isolated in vitro
will survive complete freezing (i.e., the same degrees of cooling which
would lead to the death of these same tissues in an intact organism). The
process of tissue death in the intact organism does not begin immediately
when cold begins to act, but much later. However, even when the temperature
drops as low as -183° and is allowed to act for 20 seconds to 5.5 minutes,
it does not produce direct death of the tissues (Komarov, 1949). These facts
indicate that the action of cold on the tissues of an intact organism is
followed by the development of some kind of changes which then lead to the

death of these tissues.

The pathogenisis of frostbite has been investigated in detail in mono-
graphs by T. Thomas, Ya. Ar'yev (1940), G. L. Frenkel®' (1523), N. I. verasinrenko
(1950) and Barton and Edholm (1957).

The Role of the Nervous System in the

Pathogenesis of Frostbite

The significant role played by the nervous system in the development of
many pathological processes leads us to suggest that the development of tissue
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necrosis in frostbite may be related to a disturbance of the nervous regula-
tory effects and to a development of what I. P. Pavlov in his time called

"negative trophic reflexes'.

The validity of this assumption is supported by the phenomena associated
with the death of tissues not only in the frozen extremities themselves, but
in tissues in the vicinity not subjected to the action of cold. This is
indicated by the experimental studies of V. N. Chernigovskiy and N. P, Kur-
patova (1941) who showed that when one extremity is cooled and frozon, blood
circulation drops on both the frozen side and on the other side as well.

K. M. Bykov (1942) stressed the reflex nature of this phenomenon, stating
that therapeutic measures to be taken for frostbite must be directed not only

at the frozen extremity, but also at the opposite one.

The role of the nervous system in frostbite phenomena has been indicated /22

in many other observations.

V. M. Osipovskiy (1953), in treating frostbite in human beings, noticed
the good therapeutic effect produced by the application of a lumbar novocain

block.,

G. A. Orlov (1937), in his experimental studies on white rats, showed
that the use of a circulatory novocain block 6-8 hours after frostbite prevents
the development of tissue necrosis when the tail has been cooled in chlor-
ethylene. A circulatory block applied prior to frostbite (or 18-24 hours
afterward) failed to prevent the development of necrosis. A block applied
20-24 hours later even accelerated the development of necrosis and the loss

of the necrotized tissues.

Orlov's work was published in 1937 in France, and French surgeons headed

by Leriche commented on it in a seried of similar studies which were published

in 1938-1939.
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M. M. Sandomorskiy (1941), S. N. Davydenkov and A. F. Verbov (1943)
described neuritis in frostbitten individuals with disorders in trophics and
sengitivity (especially neuralgia), which were retained for a long time even

after the frostbitten tissues were revived.

N. I. Kukin (1941) presents clinical data on the favorable therapeutic
effect of novocain block in curing frostbite. It should be mentioned that
this author observed only those stages of frostbite in which necrosis had

already developed.

N. N. Burdenko (1942), on the basis of data from experimental and
clinical studies, stated that an important role in the pathogenesis of
frostbite is played by overstimulation of the sympathetic nervous system and

the development of hyperadrenalemia in it.

D. I. Panchenko (1943, 1946), in a morphological study of the nerve
trunks of frostbitten extremities of human beings who had died of infection,
noticed degenerative changes in the nervous tissue in areas which were not

subject to the direct action of cold.

I. P. Chulkov (1949) was able to confirm experimentally the data of
G. A. Orlov regarding the favorable effect of a novocain block and showed
that cutting the spinal cord at the level of the lumbar vertebrae prevented
the development of tissue mnecrosis. Anesthesia had the same effect. On the
other hand, cutting the femoral or sciatic nerves caused the development of

more extensive gangrene of the shin and foot and the death of the animals.

N. P. Golysheva (1941) reached similar conclusions, noting an increase
in necrotic processes when the ears of rabbits were frozen following de-

sympathetization.

Hence, in many instances effects on the nervous system prevented the
appearance of necrosis in frostbite. In other observations, however,

similar effects accelerated the development of necrosis. In both cases it
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was found that the nervous system did have an effect on the development of

the process of the death of the frostbitten tissues,

One might think that the direct action of cold produces significant
changes in the metabolism and the physical and chemical state of the affected
tissue. These changes are not always sufficient of themselves for direct
development of irreversible necrotic processes; in an in vitro culture, the
death of tissue following frostbite is not a necessary consequence. In an
intact organism, however, the serious changes which occur under the influence
of cold apparently lead to an excessive stimulation of receptors (and possibly
nerve fibers as well). We can imagine therefore that after restoration of
nervous conductivity at the moment of heating, the frostbitten tissue
becomes a source of strong painful sensations. Later subjective feelings
of pain are obtuse, but the frozen tissue obviously continues to be a source

of "extreme stimulation'" of the nervous system for a long time still.

The prolonged action of "extreme stimuli", which can be physical and
chemical changes in the frostbitten tissue, can lead to pathological con-
gestive inertia of the affected centers, which receive signals from this
focus. The excitability of these centers obviously increases sharply in
comparison with others; they become the site of attraction of other impulses,
forming a pathological dominant focus. The increased circulation of impulses
between this focus and the frostbitten tissues can cause the development of
a "vicious circle'", which accompanies the appearance of trophic disturbances

in the development of tissue necrosis in the frozen area (Kositskiy, 1956).

It is understandable that the causes of the development of tissue
necrosis cannot be attributed to the development of a "pathological dominant
focus'". The circulatory pathways are disturbed in the frozen area, there is
a change in the permeability of the vascular walls, oxygen starvation
develops, the nature and intensity of metabolism change, etc., i.e., a
number of typical pathological processes arise. At the present time, the

pathogenesis of frostbite has still not been thoroughly investigated. Our
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problem consisted only in considering the possibility of the participation of

the nervous system in the development of tissue necrosis in frostbite.

Animals in various stages of post-natal ontogenesis were a suitable
object for studying the role of the nervous system in the development of

tissue necros+*s in frostbite.

As we know, puppies and kittens are born blind. Until their eyes open,
a nurber of nerve regulator mechanisms do not function in these animals. /24
This fact is indicated by the absence of conventional reactions with adequate
stimulus of the vascular reflexogenic zones, tonic effects of the centers of
the vagus nerves on the heart, constant muscle tone, low lability of neuro-
muscular apparatus and impossibility of assuming a standing posture. Regula-
tion of a number of vegetative functions in such animals is accomplished to a
large degree by humoral regulatory mechanisms, etc. (Orbeli, 1934; Arshavskiy,
1936, 1967; Yankovskaya, 1938; Arshavskaya, 1943, 1946; Kositskiy, 1949b, et
al.). The opening of the eyes leads to a sharp increase in the flow of
impulses reaching the CNS; this causes a rapid increase in its tone and the

abrupt inclusion of a number of nerve mechanisms for regulation which did not

function earlier.

We can therefore assume that a study of the development of tissue
necrosis during frostbite in the early stages of post-natal ontogenesis
(before and after opening of the eyes) might give valuable additional infor-
mation regarding the participation of neuroregulatory mechanisms in this

process.

In this regard, we studied the progress of frostbite in kittens ranging
in age from 1 day to 16 days. Freezing the ear with ethyl chloride in 16~day
old kittens caused development of necrotic inflammation, tissue death and

loss of the ear at the base, with formation of a stump.

When the same freezing with ethyl chloride was used on the ears of

kittens one day old, edema and inflammatory phenomena were much less
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Figure 1. Kitten, after freeiing the right ear with
ethyl chloride.

A - Frozen when 16 days old: amputation stump of
necrotized ear; B - Frozen when 1 day old; no necrosis.

pronounced than in the l6-day old kittens; after edema subsided, tissue
death did not occur. Subsequently, there was only a very slight stunting of
the growth of the frostbitten ear (Figure 1). /25

Hence, we did not observe the development of tissue necrosis following
frostbite during the first days of post-natal ontogenesis; this may have
something to do with insufficient functioning of neuroregulatory mechanisms
during this period. Howsver, we cannot éxclude the possibility that this
development is linked with,characteristic actions of humoral regulatory
mechanisms or a change in the properties of the tissues themselves at this

age.
Hence, the following experiments were conducted only on adult animals.

In one version of the experiment, we studied the influence of anesthesia
on the development of necrosis in the ears of rabbits and cats, frozen with
ethyl chloride. The control animals (7 rabbits and 2 cats) had their ears
frozen withethyl chloride, which led to pronounced hyperemia and edema of the

ear on the following day; it increased later on. The red coloration of the
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hyperemia changed to blue, sometimes with a violet tinge. After 8 to 10
days, there was wet or dry necrosis, which terminated 20-30 days later in
loss of the ear and development of a granular stump. The development of
necrosis in rabbits and cats was the same within general limits (Figures 2
and 3).

Thirteen other rabbits and two cats, immediately after having their ears
frozen in this manner, were anesthetized by intraperitoneal injection of 2.0
to 3.0 ml of 10% sodium evipan. The shortest duration of anesthesia in this
group of experiments was 4 hours, while the longest was 2-1/2 days. During
anesthesia, hyperemia and edema of the frostbitten ear developed as usual.
However, these phenomena were less pronounced than in the control animals.
Later on, four of the animals failed to develop tissue necrosis after edema
had subsided, or else it developed much later and involved only the edges of
the ear. Seven animals in this series later developed gangrene of the ear,
with formation of a stump; four of the animals died on the second or third
day after they were given the anesthetic, and we were unable to follow later
results. 1In these cases, however, we noticed significantly less developed
edema and inflammatory phenomena in comparison with the control animals for

similar periods of time.

Consequently, the administration of a large dose of narcotic following
frostbite led to inhibition of the inflammatory mnecrotic reaction and

sometimes completely prevented tissue necrosis (Figures 2 and 3).

In subsequent experiments on seven rabbits, we studied the effect of
continuous 2- and 3-day anesthesia. The methods of inducing frostbite
were the same as those in the preceding experiments. After freezing the
ear, we anesthetized the rabbits. For 2 days the animals received intra-
peritoneal injections of 1.0 to 2.5 ml of 10% sodium evipan whenever
necessary so that they were kept in a continuous deep sleep for 2 and 3 days.
In this group of experiments, five rabbits died on the 3rd day from an
overdose of anesthetic. However, during sleep the edema, hyperemia, and cya-

nosis of the ear were much less pronounced than during the same period of
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Figure 2. Rabbits, following freezing
of the ear with ethyl chloride.
A - Control, 7 days after freezing;
necrotic loss of right ear; B and C -
Same rabbit, 30 and 95 days after
freezing (dry necreosis), (B) and
autoamputation (C) of the ear; D,E,
F —Rabbit in which, after freezing
the right ear, prolonged narcotic sleep
was induced: after 7 days (D), 30 days
(E) and 95 days (F), there was no ne-
crosis; G —Awmputation stump of left
ear in the same rabbit following
freezing without narcosis.




Figure 3. Cats, after freezing right ears with ethyl
chloride. A - Amputation stump of ear following
total necrosis (control); B - Cat in which, after
freezing the right ear, prolonged narcotic sleep was
induced. Only slight necrosis of one edge of the
ear has developed; the ear as a whole was retained.

time in control animals. In one case, the anesthetic was administered at
long time intervals, and the rabbits were awake during the period between
injections. Before awakening them, we administered a novocain block at the
base of the ear with 0.257 novocain. The inflammatory symptoms were much
less pronounced than in the controls; necrosis developed two weeks later and
involved only the tip of the ear (and not the frozen tissue, as in the
control animals). In one case, regardless of the high doses of narcotic
substances, the anesthesia in the rabbit was very low; the animal was
partially awake, raised its head, sat up, and so on. In this experiment
there was a marked picture of necrotic inflammétion.with wet gangrene on the

ear and death of the animal a week after the frostbite.

Hence, we found that deep prolonged anesthesia arrested development of
the inflammatory necrotic processes in frostbite, while light anesthesia did

not arrest tissue necrosis.

These experiments are a confirmation of the theory that the nervous

system plays an important role in the development of necrotic processes in
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Figure 4. Rats, after freezing right feet with ethyl chloride. A - ampu-
tation stumps of right feet after necrosis; B — Rat subjected to 24 hour
action of electric current while freezing right feet; no necrosis.

frostbite. Having confirmed this fact, we attempted to study the effect of
supplementary nonspecific stimulants on the development of tissue necrosis /28

in frostbite.

Course of Processes in Frostbite Under the

Influence of Supplementary Nonspecific Stimulants

In control experiments performed on 20 white rats, tourniquets were
applied to the animal's thighs, after which severe frostbite was induced in
the feet with ethyl chloride; the tourniquets were removed after 5 minutes.

In all cases, pronounced edema and cyanosis of the frozen feet appeared on
the following day. The feet became bluish-violet in color. On the following
days, wet or dry gangrene of the tissues developed, with loss of feet on the
Sth to léth day after freezing (Figure 4a).

In the case of ten rats, platinum electrodes were applied to the muscles

of the left thigh, through which electric current could be passed from a
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Dubois-Raymond coil. The current strength was selected so that the animals
were in a state of stupor (with the distance of the coil equal to approxi-

mately 14 cm and the voltage in the primary winding equal to 2 V; for more

details see pages 70 - 71)*.

We caused trostbite in the right foot in the manner described above; the
animals were subjected to the action of continuous faradic current of fixed
intensity during the entire period of exposure to frostbite and for 24 hours
thereafter. Two out of the ten animals were subjected to continuous current
for 48 hours after being frostbitten. Edema was significantly less in all of
these animals on the day following frostbite than it was in the controls.
Moreover, four of the rats did not develop necrosis of the foot and did not
lose the limb. After cessation of edema and desquamation of the skin, the
appearance of the foot was completely normal and the animals used it in the
usual manner for locomotion, moving over the walls and ceiling of the cage,
grasping the screen mesh with all four toes. Two other rats developed
gangrene of the toes alone at much later dates than the control animals; they
subsequently lost these toes, but the rest of the foot tissue was retained
and continued to function (Figure 4b). Four rats (including the two that
were exposed to current for 48 hours) died one day later (two of them after
the current was switched off). The edema in the frostbitten extremities of
these animals was significantly less than for the same period of time in the
controls. Two rats which were exposed to the current for 24 hours developed
conventional gangrene and lost their limbs, while necrosis and loss of the
limb occurred much more rapidly than in the control animals (the tissues

decomposed on the 4th and Sth days following frostbite).

It is obvious that the action of the supplementary nonspecific stimulus
caused significant changes in the development of the necrotic process. In
the majority of the animals we succeeded in retarding or preventing the
development of necrosis. 1In other experiments, however, the necrosis and
decay of tissues were accelerated. In both cases we may properly speak of the
participation of the nervous system in the development of necrotic tissue

processes in frostbite.

s - - [SHUUREER R -
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The exclusion of inhibition of reflex mechanisms may prevent necrosis of
frostbitten tissues. However, when a conventional anesthetic is given, it
is necessary to have a very deep anesthetic sleep lasting several days, which
in itself constitutes a danger to life. It is less dangerous for the
organism to have a process of external inhibition and the formation in the
CNS of a new focus of dominant stimulation. This can be a "nonspecific"
focus, which arises under the influence of rather strong but indifferent
(nonpathogenic) stimuli. A "nonspecific" dominant focus of this kind can
produce inhibition of other centers and reflex reactions of the organism,
including reactions which are involved in the development of tissue necrosis

during frostbite.

The model of the pathological process described above turned out to be
not very valuable for this purpose. The process of tissue necrosis in
frostbite is complex and prolonged. It passes through a number of stages
during each of which the nature of the participation of reflex mechanisms
and their individual importance vary. It was therefore necessary to find

other models of the pathogenic reactions which were more suitable for our

purposes.

Tuberculin Allergic Reactions

We now know that the development of immunity reactions in the organism
are subject to the regulatory effect of the nervous system. However, the
concrete mechanisms of this effect and the concrete forms of participation
of the nmervous system in the regulation of immunity processes require further

investigation.

A. D. Speranskiy and his school hold the opinion that the infection
process is essentially a reflex process, and that there are receptors in the
organisms which receive specific antigen stimuli. The problem for the
investigator is to compile the "topographic chart" of these receptors for a
fine control of the pathological‘process (Durmishyan, 1952).A. N. Gordiyenko

(1954) also feels that the mechanism of the development of specific immunity
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reactions is reflex in nature (i.e., there are specific receptors which

detect the action of antigens.)

However, the majority of investigators do not share this viewpoint.
A. D. Ado et al, showed (1952, 1957, 1962) that antigens are "extreme
stimuli" of the nervous system and of receptors in particular, and that the
development of an allergy is accompanied by a rise in the sensiti-
vity of the receptors to the action of the antigens. This increase in
sensitivity, in Ado's opinion, is not specific for a given antigen and
extends to the action of other stimuli as well. In contrast to the authors
mentioned above, P. F. Zdorovskiy (1960, 1963) feels that the primary point
of application of antigens is the tissue and that the specific nature of the
immunity reactions depends on the specificity of the direct tissue reaction.
In the author's opinion, only the regulation of the intensity and degree of
this specific tissue reaction depends upon the nervous system, i.e., the
nervous system regulates the quantitative but not the qualitative aspect
of the immunity reaction. In the following, we shall discuss this problem

in greater detail, using the model of tuberculin allergic reactions.

The Role of the Nervous System in the

Development of Tuberculin Allergic Reactions

We know that the total resistance of the organism with respect to
tubercular infection and the degree of severity of the local specific
tissue reactions depend upon the functional state of the nervous system.
However, the problem of how the latter affects the development of a tubercu-
lar process is a very complex question and one which has not been thoroughly

investigated.

Even in the course of studying one aspect of this problem (to wit, the
role of the nervous system in the development of tuberculin allergic reac-
tions), completely different and often mutually exclusive viewpoints have

arisen. In the course of studying this disputed problem, many facts have
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been accumulated which directly or indirectly indicate that the nervous

system has an influence on the development of tuberculin allergic reactions.

Thus, the experimental studies of M. V. Trius and G. I. Kositskiy (1951),
R. O. Drabkin and Ye. F. Ruchak (1952) and V. V. Arkimovich (1953) showed
that anesthesia inhibits the development of cutaneous tuberculin reactions
(Mantu reactions) in experiments on guinea pigs. M. D. Shkol'nikova (1954)
stated that the specific reactions of the blood are reduced if intramuscular

injection of tuberculin is performed in a denervated or novocainized area.

To study the role of the nervous system in the development of tuberculin
allergic reactions, G. I. Kositskiy and T. N. Yashchenko (1956) conducted a

number of special experiments on guinea pigs.

Tuberculin (ATK) was injected subcutaneously (0.1 ml in a 1:10 solution)
into 16 guinea pigs which were sensitized with BTsZh vaccine; 8 of these were
placed under urethane~veronal anesthesia before the tuberculin was injected;

this anesthesia lasted 15 to 16 hours after the tuberculin was injected.

The same method was used in subsequent experiments. It was found that
the allergic reactions were much less pronounced in the sleeping animals

than in those that were awake.

In other experiments, tuberculin was injected intraperitoneally (0.1 ml, 32
undiluted) into 16 guinea pigs sensitized with BTsZh vaccine; 8 of these were
anesthetized. The animals which did not die of tuberculin shock were
sacrificed 24 and 48 hours after tuberculin was injected. The degree of
hyperemia of the peritoneum was evaluated, as was the nature and amount of
the exudate. In the sleeping animals, the reactions proceeded more slowly
than in the animals which were awake; however, after the animals awakened, the
reaction developed more rapidly than it had up to this time in the controls.

We had not observed this effect in our previous experiments. It is possible

that this had something to do with the fact that in these experiments we gave
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a 100-fold larger dose of tuberculin, and it could not be resorbed until the

animals awoke.

Later, tuberculin was injected intraperitoneally in the same doses into
23 guinea pigs one month after infecting them with a virulent culture (Bov -
8, 0.01 mg);‘15 guinea pigs were anesthetized using the same method and 8
served as controls. In the case of virulent infection, the difference
between the effect of tuberculin on the animals in the experimental groups
and control groups was less pronounced than in the case of vaccination with
BTsZh; 10 out of 15 guinea pigs died showing symptoms of 'tuberculin death
during anesthesia. However, the local inflammatory reaction of the periton-
eum in the anesthetized animals was still less than in the controls. One
month after virulent infection, twelve guinea pigs were given a subcutaneous
dose in the rear foot, 2.0 ml each of 0.25% novocain. Five to ten minutes
later, 0.1 ml of 1:10 tuberculin was injected subcutaneously into the zone
of novocain infiltration and into a front (control) foot. Novocain in the
same dose was injected twice more into the infiltration zone after 2 and 2.5
hours. After 24 hours, the allergic reaction failed to appear in the front
and rear paws. After 48 hours, five of the animals developed tuberculin
reactions in the front paws. As before, the rear paws showed no tuberculin

reaction in the zone of novocain infiltration.

In the case of 8 guinea pigs, the spinal cord was completely severed in
the lumbar region following virulent infection. Tuberculin was administered
subcutaneously into the rear and front (control) feet. A sharply positive
reaction appeared in the front paws, while the rear ones (''denervated')

showed no allergic reactions.

The data obtained as a result of all these experiments indicate partici-
pation of the nervous system in the development of tuberculin allergic
reactions. Prolonged anesthesia, novocainization and cutting of the spinal
cord all inhibit development of local allergic reactions. Our co-worker,

A. I. Volegov (1965), reached similar conclusions in his study of tuberculin

reactions in human patients ill with tuberculosis.
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Volegov used a subcutaneous tuberculin test in his work (Mantu reaction).
Patients with pulmonary tuberculosis received with the tuberculin (mixed
with it) vegetropic substances (atropine, redergam, proserine, ephedrine and
also an antihistamine preparation, dimedrol) in doses equal to 0.0l of the
therapeutic dose of each of these substances when administered subcutaneously.
The atropine, redergam and dimedrol were given mixed with tuberculin, not only
separately, but in paired combinations with one another. We also studied the
influence of a combined solution of all three of these substances. We set up
control studies to check the retention of certain specific properties of these

substances in the combined solutions.

In studying the Mantu reactions in 404 tubercular patients, we found that /33
atropine, redergam and dimedrol inhibited the development of cutaneous
tuberculin reactions in various forms of tuberculosis of the lungs in the
phase of infiltrative flare. The joint action of any two of these substances
had a still more pronounced inhibitory effect. At the same time, however,
proserine (in some cases, ephedrine) intensified the tuberculin allergic
reactions. In similar studies conducted in patients in the course of re-
sorption of the tubercular process, it was found that the inhibitory effect
of the above vegetropic substances on the tuberculin reactions was much
weaker. Hence, there was evidence of action of the vegetative nervous system
on the tuberculin allergic reactions and it appeared that the degree of
development of tuberculin allergic reactions is dependent on the state of the
nervous system. This is also supported by the results of other clinical

observations.

However, none of the studies described above, which show in one way or
another the influence of the nervous system on the development of tuberculin
allergic reactions, allows us to draw any conclusions as to whether these

effects are specific or nonspecific.

As we have already pointed out, a number of investigators have voiced the
opinion that tubercular antigen is a specific stimulant for the nervous

system and that the development of the tuberculin reaction is a reflex type

40



of response. G. S. Kan (1954) feels that tubercular antigen is a specific
stimulant for the interoceptors. A, Z. Sigal found that the development of
tuberculin allergy in guinea pigs is accompanied by the development of an
increase in the specific sensitivity of the receptors of the carotid sinus
to the action of tuberculin. F. A. Levtova (1954) came to the conclusion
that the action of tuberculosis antigen on the chemoreceptors of the in-
testine is specific. On the basis of these data, G. S. Kan (1955) developed
the reflex theory of pathogenesis of tuberculosis, assuming that the action
of the tubercular antigen on the tissue takes place through interoceptors

(i.e., it is accomplished with the aid of the nervous system).

However, these investigators used Koch's 0ld tuberculin (ATK), whose
production technology is such that it contains (along with the specific
antigens) a large amount of nonspecific products (evaporated bouillon and the
products of its breakdown and decay); the amount of the latter is considerably
in excess of the amount of tuberculosis antigens per se. We cannot exclude
the possibility that these products, which have no relationship to the
tuberculosis antigen, have a pronounced neurotropic effect and are able to
produce considerable changes when they are introduced into the organism.
However, the authors cited above did not pay any attention to the possibility
of a stimulating effect by these nonspecific substances. It is clear that
the results they obtained require further experimental confirmation. It is /34
necessary to determine first of all the degree to which the changes that
develop in the organism following the injection of ATK may depend on the
specific action of tuberculosis antigen and the extent to which they may be

caused by the action of the nonspecific products which are found in ATK.

Our experiments were based on intact guinea pigs and white rats and on
animals which had been sensitized to the action of tuberculin (vaccinated
with BTsZh).

The test involved changes in the arterial blood pressure and respiration.
Tuberculin was injected into the jugular vein in different strengths. To

study the direct action of tuberculin on the nervous system, it was injected
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into the cerebrospinal fluid by suboccipital puncture. As indicated by the
data of L. S. Shtern (1960), Ya. A. Rosin (1961) and other investigators,

this makes it possible to apply the substance directly to the nerve centers,
so that in many cases reactions develop in the organism which are opposite

to those which are produced by intravenous injection of the same substance.

It is very important that an opposite reaction of the "center" and "periphery"
is observed only with the action of substances which are specific stimulants
for the nervous system. Substances which are indifferent in regard to the
nervous system do not produce opposite reactions when given by these different

methods of injection. We used these facts to analyze the action of tuberculin

on the nervous system.

We measured arterial pressure in the carotid artery in anesthetized
white rats and guinea pigs (using a mercury manometer), as well as respiration
(using a Marey tambour). Tuberculin solutions (in physiological solutiom),
heated to body temperature in concentrations of 1:100, 1:10 and undiluted,
were injected in amounts of 0.3 to 1.0 ml intravenously and into the CSF by
means of a suboccipital perforation in amounts of 0.1 to 0.05 ml. The con-
trols received equal amounts of physiological solution. The experiments used
48 animals (40 white rats and 8 guinea pigs); of these, 23 rats 4 guinea
pigs were intact (non-vaccinated), while 17 rats and 4 guinea pigs were

vaccinated (by injection of BTsZh vaccine);

The vaccinated animals were brought into the experiment at a time when

the cutaneous tuberculin samples (Mantu reactions) were sharply positive.

The non-sensitized animals received intravenous injections of ATK. We

have included a curve from one of these experiments (Figure 5A).

In this experiment, 0.5 ml of physiological solution was injected
intravenously and failed to produce any changes in the arterial pressure
and respiration. The injection of 0.5 ml of ATK (1:10) caused a significant
drop in arterial pressure, not accompanied by a significant change in the

rate and depth of respiration. The pressure reached its initial level only
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Figure 5.

tion of ATK.
of tuberculin; B - Suboccipital
of tuberculin. Curves from top
pressure in the carotid artery;
mark; respiration; time mark (5
Ditto, zero pressure level.

experiments (Figure 5B, a continuation of the preceding recording).

Change in arterial pressure and
respiration in an intact rat with injec-

A - Intravenous injection

injection
to bottom:
stimulus

seconds) .

10 minutes after injection of the
tuberculin. The effect was simi-
lar in all other experiments in
this series. The injections of
small doses of ATK (0.5 or 1.0 ml
ATK, 1:100) produced a brief,
slight drop in arterial pressure.
The pressure fell to a greater
degree when the ATK dose was in-
creased. Injection of undiluted
tuberculin into the vein caused
arterial pressure to drop to very
low levels; -this was followed by
very slow recovery to the original
level. Hence, all experiments of
this group involving intravenous
injection of tuberculin showed
the same reaction: a drop in
arterial pressure increasing with

tuberculin dose.

- The effect of ATK on the
central nervous system was stud-
ied by injecting the preparation
into the CSF of the animals (6
rats and 2 guinea pigs). For the
sake of an example, we have in-

cluded curves from one of these

In this

experiment, 0.1 ml of ATK, 1:10 was injected into the CSF 11 minutes after the

intravenous (i.v.) injection of ATK, when the arterial pressure had already re-

turned to the original level.

When the ATK was injected, there was a brief ces-

sation of respiration and a drop in arterial pressure due to the reaction to the

mechanical stimulus involved in injecting the substance.

This effect rapidly
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passed. The effect of ATK on the CNS is a prolonged increase in arterial
pressure, i.e., a change opposite to that which occurs with i.v., injection of
the same substance. The change in arterial pressure even in this case was
not accompanied by a change in respiration. Injection of equal amounts of
physiological solution into the CSF caused only a reaction to the actual
process of injecting the substance into the spinal cord, without any subse-

quent changes.

The results of the other experiments were similar to the descriptions
above. Direct action of ATK on the nerve centers always caused a prolonged
increase in arterial pressure, i.e., a reaction opposite to that which
developed in i.v. injection of the same substance. Hence, it appears that
ATK is not a substance which is indifferent for the nervous system, at least
for those branches of it which regulate the level of arterial pressure. It
has a definite specific effect on the regulatory processes governing the
latter. These results are analogous to the data of G. S. Kan (1954) and
other authors and show that Koch's 01d tuberculin is a stimulant for the

nervous system.

However, it does not follow from these experiments that tuberculosis
antigen is initially active. To study this problem, we used the same
methodology to conduct experiments on animals which had been sensitized,

i.e., with a high degree of sensitivity to the effect of tuberculosis antigen. /36

We injected ATK into the veins of 15 sensitized animals (12 rats and 3
guinea pigs). An example is shown in Figure 6A. Injection of tuberculin
into the vein produced a drop in arterial pressure; the nature and degree of
this reaction are the same as the reaction of the intact animals, Similar
results were observed in all the other experiments of this series. Hence, /37
regardless of the fact that the sensitivity of the organism to the action of
tuberculin increases to a tremendous extent with sensitization, the direct
reaction of the cardiovascular system (drop in arterial pressure) to i.v.

injection of ATK was the same as in the intact animals.
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To study the effect of ATK
on the CNS of sensitized animals,
we injected ATK into the CSF of
7 sensitized white rats and 2

guinea pigs. 38

Figure 6B shows the curve
for one of these experiments. As
we can see from the figure, the

injection of tuberculin caused a

sharp increase in arterial pres-
sure which was not accompanied by
significant changes in respira-
tion. The reaction is the same

as for intact animals. Similar
results were observed in the other
experiments in this group. ATK
produced the same changes in

sensitized and intact animals.

We can therefore assume that the

Figure 6. rhange in arterial pressure and stimulation of the nervous system
respiration in sensitized rat following :
injection of ATK. A - With intravenous
injection of tuberculin; B - With sub- showed up in these experiments
occipital injection of tuberculin. The
markings are the same as in Figure 5. Due
to movement of the animal, the curve for gntigen itself, but by additional
arterial pressure is broken.

caused by the action of ATK which

was not caused by the tuberculosis

impurities present in ATK.

Let us emphasize once again that ATK is not a "pure" antigen. The
technology for producing it is such that the finished product is a mixture of
antigen and the decay products of a protein medium; the amount of these
products is greater than the amount of the antigen substance itself. 1In this
regard, F. A. Levtova (in the work mentioned previously) conducted control
experiments to study the effect produced on the interoceptors by a "pure"

medium, which is used in preparing tuberculin (bouillon), evaporated to the
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same concentration as in the manufacture of tuberculin. She observed several
differences in the action of the tuberculin and this "pure'" medium, which
were the result of a specific action on the nervous system exerted by the
tuberculosis antigen. However, the differences which this author observed
may depend on another factor, e.g., the fact that pure evaporated bouillon
differs in composition from bouillon in which tuberculous bacteria have
grown, for it is in the process of growth that the bacteria break down pep-
tone and protein products. The action of the products of this breakdown
differs sharply from the effect of unused evaporated bouillon. Hence, the
results of the control experiments of F. A. Levtova appear to us to be

insufficiently reliable.

We performed control experiments with an antigen purer than ATK, i.e.,
dry purified tuberculin (DT) prepared at the Leningrad Institute of Vaccines
and Sera with the assistance of Prof. M. A. Linnikova (1939). The Mantu
reaction, which appeared with both ATK and DT, indicated that the latter
has pronounced antigen activity and gives positive tuberculin tests which
do not differ in appearance from samples from tests with ATK. However, the
content of nonspecific impurities in the DT, as we know, has been reduced to
a minimum. Dry tuberculin was injected intravenously into 10 intact animals
(7 rabbits and 3 guinea pigs). Figure 7A shows a recording from one of these

experiments.

The injection of DT into the vein did not produce the characteristic drop
in arterial pressure obtained with ATK, but evoked a reaction which differed

slightly from that following injection of physiological solution. /39

Similar results were observed in all the experiments of thig series.

The arterial pressure did mnot change or increased very slightly (by 3 to 5%).
In experiments with 8 intact animals (6 rabbits and 2 guinea pigs), DT

was injected into the CSF. Two examples from one of these experiments are

shown in Figure 7B.
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Figure 7. Change in arterial pressure
and respiration in intact rat with
injection of purified tuberculin.

A - With i.v. injection. B - With
suboccipital injection. Symbols same
as Figure 5.

(7 rats and 2 guinea pigs). Figure 8A

As the figure shows, aside
from a brief reaction to the injec-
tion process itself, a solution of
dry tuberculin coes not produce
subsequent significant changes in

arterial pressure and respiration.

In only three cases, injection
of DT into the CSF was followed by /40
a very slight increase in arterial
pressure; in six experiments, how-

ever, the pressure did not change.

None of the experiments in this
series showed any contradictory
reactions of the "center" and
"periphery", indicating a specific
action of the preparation on the

nervous system.

The purpose of the next group
of experiments was to investigate
the action of DT (using the same
method) on animals sensitized to
tuberculin. DT was injected into
the veins of the vaccinated animals

shows a recording from one of these

experiments. As we can see from the latter, the reaction of the experimental

animal as far as its arterial pressure

intact animal: as in the latter, there

is concerned is the same as that of an

is no drop in arterial pressure.

Similar results were observed in all the experiments of this group.

The effect of dry tuberculin, when injected into the CSF of sensitized

animals, was studied in four animals.

A recording from one of these
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Change in arterial pressure
and respiration in sensitized rat with
injection of purified tuberculin.

A - With i.v., injection; B - With

Figure 8.

suboccipital injection. Symbols the

same as in Figure 5.

experiments is shown in Figure 8B.
As we can see from the latter, the
solution of DT produces only a
slight increase in the arterial
pressure. The reaction is the same
as that in the intact animals.
There is no contradictory reaction
of the "center" and the "periphery"

as is characteristic of ATK.

Thus, we can assume that the
changes in the cardiovascular system
which occur when ATK is injected are
actually due to the influence of
impurities in the ATK (products of

the breakdown of the bouillon).

Similar data were obtained in
our laboratory by A. I. Volegov
(1965); in experiments using 304
guinea pigs, he studied the influ-
ence of ATK and purified tuberculin
on the afferent impulses in the
fibers of the vagus nerve. Intra-
venous injection of Koch's 01d

tuberculin- (ATK) into intact

animals caused a sharp increase in afferent impulses after 10 to 30 seconds;

on the other hand, the injection of equal doses of different types of

purified tuberculin (titrated back according to the activity in a cutaneous

tuberculin reaction) failed to produce any changes in the bioelectric activity

of the nerve.

serum was injected.
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[,



In experiments with sensitized animals, both the latter and intact
animals showed a sharp drop in the reaction to ATK and purified tuberculin
for 10 to 30 seconds after injection. At later stages, however, (30 to 60
seconds), both substances produced an increase in impulses in the sensitized
animals. However, this increase in later impulsation was also observed when

foreign native serum was injected into sensitized guinea pigs.

Hence, it was found that the direct reaction which arises immediately
after the injection of ATK is nonspecific and is related to the stimulant 141
effect of different '"ballast" substances, which are in this preparation. The
later reaction is a reaction to the antigen properties of the preparation.
It appears only in sensitized animals and is triggered by the action of

specific antigens.

Since-activity in these cases develops only after several dozen seconds,
we can agsume that it does not develop as the result of a direct reaction of
the receptors to the antigen, but as the result of stimulation of tissue
receptors by substances which are liberated in the interaction between the
antigens and the tissue. Hence, we were unable to support the viewpoint of 142
G. S. Kan regarding the fact that tuberculosis antigen is a specific stimulus
for interoceptors. Tuberculin allergic reactions in no way resemble "specific
reflexes" in their development. The specifics of the reaction depend on the
effect of the antigen on the tissue and its mesenchymal elements. However,
the intensity of the reaction is apparently determined to a significant

degree by the regulatory effects of the nervous system.
Within the scope of the problems taken up in this book, it would be
impossible to explain whether or not the development of tuberculin allergic

reactions is affected by supplementary nonspecific stimulants.

This problem was studied by us (Kositskiy, Yashchenko, 1956) by producing

Mantu reactions in guinea pigs suffering from tuberculosis.
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Effect of Supplementary Nonspecific

Stimulants on Tuberculin Allergic Reactions

In experiments using 22 guinea pigs, we studied the development of
allergic reactions following infection of the animals with a virulent culture
(Bovinus-8), with subcutaneous injection of tuberculin against a background
of supplementary stimulation (subcutaneous injection in the other paw of 0.25
ml of turpentine). Eleven animals received the turpentine 35 to 90 minutes
prior to the injection of tuberculin, while the others received it 35 to 90
minutes afterward. The results from the two groups of experiments were quite
different. In those experiments in which the injection of the supplementary
stimulant preceded the injection of tuberculin, there was an inhibition of the
allergic reaction. However, when the injection of turpentine was given after

the tuberculin injection, the tuberculin allergic reactions were sharply

increased.

Hence, the combination of a supplementary nonspecific stimulus causes a
change in the allergic tuberculin reaction. The most important aspect of
this is that a comparatively small difference in the time of application of
this supplementary dose of stimulant was found to be critical for the nature
of a process which developed over dozens of hours. It seems to us that these
phenomena demonstrate the principle of dominance. 1In particular, they show
that the nature of the reaction depends on the order of action of the
pathogenic and supplementary stimuli. The stimulus which is applied first
is apparently the one which leads to the development of a focus of dominant
excitation in the CNS; against this background, the reactions which arise

under the influence of the second stimulus are inhibited.

However, the same supplementary nonspecific stimulus, used after the /43
specific stimulus, accelerated development of the pathological process. This
supports the more important significance of the time element, which has
unfortunately been very little taken into account as yet in analyzing the

mechanisms of the development of pathological processes.
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We reached similar conclusions in our study of other pathological
processes, especially air embolism, adrenalin pulmonary edema, anaphylactoid
reactions, reactions to the injection of strophantin and reactions that

involve sudden disruption of coronary circulation.
Air Embolism

The death of an organism from embolism arises out of a number of
different causes. Along with the disruption of blood circulation to the
vital organs, an important role is played by the development of pathological

reflexes from the vascular reflexogenic zones.

The development of serious disturbances in the circulation and respira-
tion during the first 10 seconds of a severe embolism and the resultant death
of the organism involve the development of pathological reflexes, since it
would be impossible in such a short space of time to develop metabolic changes

which could shut off blood circulation.

This situation is explained by a number of phenomena which have been
observed in the clinic and in the laboratory. We know, for example, that an
organism can withstand without harm significant amounts of air injected
slowly and gradually into the vascular tree; at the same time, however, a
small air bubble (sometimes a small as 0.2 cm3) which enters the vascular
tree of a human being can lead to death. Sudden death from an embolism has
even occurred in cases when only a small embolus, absolutely insufficient to
cause purely mechanical disturbance of blood circulation in the lesser cir-

culation, appeared in one branch of the pulmonary arterial tree.

A. I. Tal'yantsev (1911), A. B. Vogt and V. K. Lindeman (190l1), Kozhin
(1905) and W. 7. Krol' (1941) in the laboratory of V. V. Parin, I. P. Davytaya
(1952) and others were successful in demonstrating the important role of
stimulation of vascular receptors in the lesser circulation in the develop-

ment of pathological disturbances involving embolism.
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In our experiments, we used this model of the pathological process to

study the interaction of specific and supplementary (nonspecific) stimuli.

Course of Air Embolism Under the Influence

of Supplementary Nonspecific Stimuli

In 10 control experiments, we injected 0.5 ml of air into the jugular
vein of white rats weighing approximately 100 grams; this led to respiratory
stoppage, spasms and death in 20 to 30 seconds. 144

In the experiments which followed, we inserted two platinum needles
into the muscles of the right hip on both sides of the femur; through these
needles, we applied faradic current from the secondary coil of a Dubois-Raymond
apparatus (the voltage in the primary was 2 V). The current intensity was
set so that the animals remained calm (the distance between the coils was

13 to 15 cm; for more detail on the method, see pages 66~67)%,

From 3 to 10 minutes (25 and 30 minutes in two out of the ten cases)
after the current was switched on, against the background of its continuous
action, we injected 0.5 ml of air into the jugular vein (the amount which
caused death in the controls). TFour of the ten rats died one to two minutes
after injection of the air. The controls died 20 to 30 seconds later. The
remaining six animals did not show the respiratory reactions and spasms that

were typical of the controls. They remained alive during the days that

followed.

In other experiments, the faradic current was switched on 10 to 20

seconds after the i.v. injection of air under the same conditions.

None of the 10 rats died 20 to 30 seconds after injection of air. One
rat remained alive after injection of 0.3 ml of air, but it was removed from
the stand in a state of shock (severe general collapse, reflexes sharply

reduced, lying on its side). This state lasted several hours.

*Translator's note: This cofresponds térEnélish péges 8~2>—-”85.=
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Hence, stimulation of the sciatic nerve and the hip muscles with
faradic current, applied prior to injection of air into the vein, prevented
death of the animals in the majority of cases, even when lethal doses of

air were administered.

When the same supplementary nonspecific stimulus was applied after
injection of the air into the vein, death followed. Consequently, in
experimentally induced air embolism,as well as in the models described above,
the outcome of the pathological process depended not only on the action of
the stimulant itself, but also on the order of application of the specific

and nonspecific stimuli.

We studied these phenomena in greater detail using the model of adrenalin
edema of the lungs. Since our basic experimental studies were conducted on
the model of adrenalin edema of the lungs, it is necessary to clarify the

mechanism of the development of this pathological process in greater detail.

Adrenalin Pulmonary Edema

Pulmonary edema was first described by Laennec in 1819; this phenomenon
consists primarily of the exudation of a serous fluid, rich in protein, into
the alveoli (and to a lesser degree, the interstitial tissue of the lungs)
in abundant quantities. As a result, respiration and gas exchange are

disrupted, leading to asphyxia and death. 45

In pulmonary edema, the serous fluid passes directly through the wall
of the pulmonary membrane which serves as a unique hematoparenchymatous

barrier.
The hematoparenchymatous barrier (to use L. S. Shtern's terminology,

histohematic barrier) is a combination of structural elements which are

involved in the exchange of substances between the blood and tissues.
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The modern views regarding the structure of the hematoparenchymatous
barrier, as Zweifach (1957) points out, are combined in the following general
picture: 1) a layer of adsorbed protein, covering the inner surface of the
capillaries; 2) a purely endothelial membrane, consisting of cells and
intercellular cementing substance; 3) a layer of intercellular cementing
substance; 4) thin connecting fibers interwoven into a dense amorphous basic
substance (pericapillary fibers); 5) a layer of connective tissue 25 to 50

microns thick between the capillaries and the cells.

Policard and Collet (1958) studying the structure of the capillary walls
with an electron microscope, made some corrections in this concept. In their
opinion, a continuous layer of closely packed endothelial cells develops from
within the capillary and rests on the basal membrane; the reticulated fibers
of the basal membrane are interwoven with the surrounding connective tissue;
here and there are pericytes which enfold the capillaries with their branches,
rest against the basal membrane or are located within the latter; the external
layer of the hematoparenchymatous barrier is composed of pericapillary

connective tissue.

Bargman (1955), working with an electron microscope, found that the
cells of the capillary endothelium are capable of changing shape by becoming
shorter and thicker. As a result, the permeability of the vessels may be
reduced, since the author states (1958) that all the substances involved in
the process of exchange between blood and tissue must pass through the
endothelial cells. The important structural unit of the hematoparenchymatous
barrier is felt by Berman to be the basal membrane; in his opinion, it is the

principal factor on which the movement of molecules of different sizes

depends.

Thus, as edema develops in any tissue, the fluid must overcome all the
elements of the hematoparenchymatous barrier, whose structure has been quite

thoroughly studied by Policard and Collet (1958), A. I. Smirna-Zamkova (1955)
and Bargman (1958), etc.
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The Pulmonary Membrane

In the development of pulmonary

edema, the fluid which passes into the

alveoli must also pass through a

special hematoparenchymatous barrier

(the pulmonary membrane). The latter

consists of the tissues which bound

the alveolus and the capillary walls /46

Figure 9. Diagram of the structure of
the pulmonary membrane (according
to Macklin, 1954). 1 - Alveolar air; cepts regarding the pulmonary membrane

in close proximity to it. Modern con-

- M : .
2 -ucous membran? (O'% microns); are based on the results of both optical
3 - Respiratory epithelium (0.2
microns); 4 — Connective tissue and electron microscopy.

(0.2 microns); 5 - Endothelium of
pulmonary capillaries (0.2 microns);
6 - Plasma; 7 - Air-blood protoplas- This problem was studied by Hayek

mic barrier, 0.? microns, visible in (1953), Bargman (1955, 1958), Macklin
electron photomicrographs.
(1955), Wolf (1953), Groodt, et al.
(1955) and other authors. According
to their data, the structural elements of the pulmonary membrane are as
follows: the capillary endothelium and alveolar epithelium, which are in
contact with the basal membrane itself, and a narrow space between the two
basal membranes, filled with a thin layer of connective tissue with elastic
reticular fibers. The pulmonary membrane is very thin, varying in thickness

from 0.3 to 0.6 microns (Figure 9).

One of the particular features of the structure of the pulmonary capil-
laries is the absence of pericytes in their walls. The permeability of the
pulmonary membrane depends on the configuration of the elongated cells of the
capillary endothelium itself and the flat cells of the alveolar epithelium.
When these cells grow short and thick, the pulmonary membrane grows thicker
and its permeability may decrease. However, when the membrane cells contract

excessively, permeability may increase due to exposure of the basal membrane,
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since the latter readily allows liquid to pass from the capillaries into the

alveoli (Hayek, 1953; Bargman, 1958).

Pathogenesis of Pulmonary Edema

As of the present time, there is no single generally accepted concept
of the pathogenesis of pulmonary edema. Among Soviet investigators, the most
work in this field has been done by Ya. A. Lazaris and I. A. Serebrovskaya
(1962). From our standpoint, they are successful in generalizing the most
important factors determining the development of pulmonary edema. These 147
consist primarily of hemodynamic disturbances which lead to an increase in
the hydrostatic pressure in the capillaries. Also involved are the state of
permeability of the pulmonary membrane, the hydrophilia of the tissue, the

state of the lymph circulation, the level of the oncotic pressure of the

blood plasma, etc.

Pathoanatomists differentiate between congestive, toxic and neurotic
pulmonary edema. The development of the latter involves different patholo-
gicalistates and damage to the CNS. In the majority of cases, the development
of pulmonary edema involves all of these factors; however, the degree of
participation of each of them in each individual case may differ. 1In the
following, we shall discuss the principal causes of the development of pul-
monary edema: hemodynamic disturbances, changes in permeability of the

pulmonary membrane, and various injuries to the nervous system.

Disruption of Hemodynamics

The majority of hemodynamic disturbances, accompanying the development
of pulmonary edema, may be divided into two main groups: a) mechanical in-
hibition of blood flow from the pulmonary vessels; b) an increase in the

influx of blood into the lesser circulation.

The first experimental studies that were devoted to determining the

nature of the mechanism of the dévelopment of pulmonary edema were conducted
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by Welch in 1878, a fellow worker of Konheim. Welch showed that ligation of
the aorta and its large branches (in the rabbit, more rarely in the dog) ,
constituting a severe overload on the left heart, can produce pulmonary edema
with normal function of the right ventricle. The left ventricle cannot pump
blood from the lesser circulation into the greater circulation, leading to
stagnation of the blood in the lesser circulation and an increase of pressure
in the latter. As a result of stagnation of the blood and an increase in the
hydrostatic pressure in the pulmonary vessels, blood plasma passes from the

capillaries into the alveoli.

Welch was also successful in obtaining pulmonary edema by ligating
several pulmonary veins, naturally leading to blood stagnation in the pul-
monary tree. We must point out that Welch performed his experiments under
the conditions of an open chest cavity and artificial respiration, when there
is significant disruption of hemodynamics and pulmonary edema develops mainly

in the agonal state of the animal.

It should also be pointed out that mechanical sensors of disruption of
hemodynamics do lead to the development of pulmonary edema in the majority of
cases, but their number is small. In connection with all of the above, the
"mechanical" theory of the origin of pulmonary edema suggested by Konheim and
Welch encountered opposition as soon as it was suggested. Moredver, Sahli
(1885) did not confirm Welch's data; in his experiments, ligation of the aorta
did not produce development of pulmonary edema. /48

In the opinion of the authors, and those who adhere to the "mechanical"
theory, the critical factor in the development of pulmonary edema is the
change in the value of the filtration pressure, which depends in turn on the
relationship of the values of hydrostatic pressure in the pulmonary capillary
blood (5-10 mn Fg) and the oncotic pressure of the blood plasma (25-30 mm Hg)
blocking it.

However, the experimental data of Paine, et al. (1949, 1950, 1952), who

conducted experiments using Welch's method of ligation of the aorta and the
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large vessels, showed that there is no strict relationship between the
capillary pressure in the lungs and the intensity of the development of
pulmonary edema. According to the data of these authors, edema developed in
all the experimental animals only at a pulmonary capillary pressure in excess

of 50 mm Hg.

Tissier, et al.(1901), ligated the aorta in curarized dogs, using arti-
ficial respiration; the pulmonary arterial pressure increased 2 to 3 fold as

a result, However, pulmonary edema did not develop.

According to the "mechanical' theory of Welch, the development of
pulmonary edema requires satisfactory working of the right ventricle with
insufficiency of the left. This position was checked by Cataldi (1935). He
produced different damage to the two ventricles of the heart by injecting
silver nitrate and found that when the right ventricle was damaged, edema
developed in 2/3 of the cases, while when the left ventricle was damaged
pulmonary edema occurred in only rare cases. Similar observations made by

Bettelheim (1892) agree with these findings.

We know from clinical practice that severe pulmonary edema can sometimes
be arrested without therapeutic intervention. If the development of edema

were dependent solely on mechanical conditiens, then obviously such phenomena

would not be observed (Umanskiy, 1937).

Wasserman, et al. 1946 agree with this point of view; they feel that
the clinical cases of paroxysmal pulmonary edema cannot be explained merely
by severe left ventricular insufficiency. Wasserman pointed out that the
spasms of cardiac asthma in patients who have developed pulmonary edema are
accompanied not by a drop in arterial pressure, as we would expect in the
case of severe left ventricular insufficiency, but by an increase in it. The
author views this as the consequence of a strong stimulus of the sympathetic
nervous system in asthma, indicated (in his opinion) by tachycardia, increased
sweat production, and a rise in arterial pressure. On the basis of the fact

that pressing with the finger on the region of the carotid sinus often stops
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an attack of cardiac asthma and prevents the development of pulmonary edema,
he suggests that a reduction of the tonus of the sympathetic nervous system
is involved, along with a rise in the tonus of the parasympathetic nervous /49

system.

Wassermaﬁ gives a unique point of view regarding the possible mechanisms
of the development of pulmonary edema in cardiac pathology. The sharp
variations in arterial pressure that develop in heart disease, which stimulate
the receptor apparatus of the sino-carotid zone to varying degrees, finally
lead to a severe increase in arterial pressure in the greater circulation.
This causes an overload on the left ventricle and then overfilling of the
lesser circulation; the latter results in a rise in the permeability of the

pulmonary capillaries.

The data of Wasserman agree with the observations of S. I. Umanskiy
(1937) and Yu. I. Lorie et al. (1947). If we use the mechanical theory as a
basis, we cannot explain the fact that pulmonary edema develops markedly in
mitral stenosis, which as we know causes very severe blood stagnation in the

lungs as a result of disruption of blood flow out of the lesser circulation.

It is obvious from all of the above that the so-called mechanical theory
of the origin of pulmonary edema has some important shortcomings, which do

not satisfy clinicists and are not supported by all experimenters.

A number of authors feel that an important role in the development of
pulmonary edema is played by redistribution of the blood from the greater
circulation to the lesser, which occurs under certain conditions. Thus, for
example, Marinescu and Ionescu (1956) observed rapidly developing pulmonary
edema in patients with mitral stenosis and negative emotions. Luisada and
Cardi (1955), on the basis of their experimental findings, feel that negative
emotions increase the tonus of the vasoconstrictors so that the blood is

redistributed from the greater circulation to the lesser.
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The most reliable experimental basis for this idea was provided by
Sarnoff et al.(1952a, b, 1953). He feels that stimulation of the CNS,
leading to redistribution of the blood from the greater circulation to the
lesser may not be a consequence of emotional stimulus alone. It may be
caused by a reflex mechanism involving the receptors of the carotid sinuses,
and may develop with direct stimulus of the CNS. He reached this conclusion
on the basis of experimental results in which animals were given a coagulant
mixture of fibrinogen as a stimulant, together with thrombin, through the
atloidooccipital membrane into the subarachnoid space (into the cisterna
magna). The intracisternal injection of this mixture in rabbits and dogs
was accompanied by the development of fatal pulmonary edema in practically
all cases, and the author explained the mechanism as follows: direct stimu-
lation of the vasomotor center leads to a pronounced stimulation of the
nervous system, causing a sharp constriction of the vessels in the greater
circulation and a marked drop (expression) of blood into the veins, an in-
crease of blood flow into the right heart and consequent overfilling of the
pulmonary vessels. Constriction of the peripheral vessels causes a sharp
increase in the arterial pressure in the greater circulation, leading to an
increase in the load on the left ventricle, which under these conditions is
not in a position to shunt into the arteries all of the blood which is coming
from the pulmonary vessels. This leads to blood stagnation in the lesser

circulation, an increase in the hydrostatic pressure (and therefore in the

filtration pressure) in the latter, leading to development of pulmonary edema.

These results are based on the fact that immediately after intracisternal
injection of the fibrin mixture there was an increase in arterial and venous
pressure in both the lesser and greater circulationé. The pulmonary venous
pressure in dogs rose to 75 mm Hg, and the amount of blood flowing through
the aorta dropped sharply; the left auricle enlarged 4 to 5 times, and the

pulmonary veins also distended.

Similar hemodynamic¢ disturbances in the development of pulmonary edema
were observed in intracisternal injection of other stimulants; turpentine —

0.03 to 0.05 ml (Chernukh, 1950, 1952, 1954); chloramine (Speranskiy, 1942);
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air or veratrine (Aravanos, 1957), and with strictly localized stimulation

of the hypothalamus by electric currents (Maire, Patton, 1954).

Ya. A. Lazaris and I. A. Serebrovskaya (1962) feel that this mechanism
for the development of pulmonary edema may occur in cardiac patients, es-
pecially with mitral stenosis, in the stage when blood flow from the lungs
has already been disrupted and impeded. Emotional disturbances under such
conditions, causing sympathetic vasoconstriction, may lead to "redistribu-

tion of the blood" from the greater circulation to the lesser.

Wasserman also mentions a similar mechanism for the development of
pulmonary edema. In his opinion, the reflexes from the carotid sinus (when
there is insufficient blood flow to it from the left ventricle) and the
consequences of the drop in arterial pressure may normally culminate in
sympathetic vasoconstriction as the organism attempts to raise the pressure
through the autoregulatory mechanism, leading to redistribution of the blood

from the greater circulation to the lesser.

In all of these cases the development of pulmonary edema has theoretical-
ly the same result: an increase in the blood volume in the lesser circulation

due to increased filtratiom pressure, leading'to development of pulmonary edema.

However, a significant rise in pressure in the lesser circulation is not
always accompanied by development of pulmonary edema. Pulmonary edema may
arise in animals and man against a background of general marked hypotonia and

a drop in pressure in the lesser circulation (for example, in traumatic

shock) (Moon and Kennedy, 1932). /51

Loewit (1893) says that pulmonary edema which develops with prolonged
artificial respiration may also occur against a background of reduced pressure
in the lesser circulation, the left ventricle and the carotid arteries. V. S.
Savel'yev (1958) also observed pulmonary edema in patients with mild and
medium degrees of pulmonary arterial hypotonia (40-70 mm Hg), with an

arterial pressure usually less than 30 mm Hg, more frequently than at higher
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pressures. The observations of Aravanos, et al. (1957) do not agree with
the theory of "redistribution' of Sarnoff; they showed that subarachnoidal
injection of air or irritation of the hypothalamus results in development of

pulmonary edema even when the greater circulation is disconnected.

One form of hemodynamic edema is experimental adrenalin pulmonary edema
(Luisada, 1928; Kan, 1953 et al.). The intravenous injection of toxic doses
of adrenalin in experimental animals leads to rapid development of pulmonary
edema, accompanied by marked hemodynamic disturbances similar to those
described by Sarnoff (1952, 1953) in the intracisternal injection of fibrinogen
with thrombin. However, even when adrenalin was injected into the blood,
pulmonary edema did not always develop. Thus, G. S. Kan showed that in con-
trast to intravenous injection, intra-arterial injection of adrenalin
(although it does produce the usual hemodynamic changes) does not cause
development of pulmonary edema. Kan states that in addition to an increase
in hydrostatic pressure and redistribution of the blood, there must also be

a disruption of the permeability of the membrane.

Hence, neither the "mechanical" theory of Welch and Konheim, nor the
theory of "redistribution" of the blood, can completely explain the mechanism
of development of pulmonary edema. In this regard, a number of authors
suggest that it is impossible to explain the pathogenesis of pulmonary edema
as a whole on the basis of individual disturbances of hemodynamics. There
is sufficient basis for feeling that the disruption of the permegbility of the

pulmonary membrane is very important in this respect.

Change in the Permeability of the Pulmonary Membrane

The development of pulmonary edema with general vascular hypotonia, its
prevention against a background of high pressure in the lungs and independence
of the beginning of development of pulmonary edema on the level of pressure
in the lesser circulation: all of these justify a search for other reasons

to explain the origin of pulmonary edema. It is natural for us to think
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first of all of the important role of the change in permeability of the

pulmonary vessels during the development of edema.

According to the theory of Konheim and Lichtheim (1877), an important
role in the development of pulmonary edema is played by the change in the
functional state of the endothelium of the pulmonary capillaries. The authors
feel that either a chemically active substance in the blood or lymph or a
drop in the oxygen of the blood might cause a change in the permeability of the
endothelium of the capillries. However, the authors did not provide any

direct evidence of changes of membrane permeability. /52

The majority of articles which mention changes in permeability of
pulmonary vessels, accompanied by the development of edema, are based on
indirect data, although the possibility of increasing the permeability of
the vascular capillaries in the development of pulmonary edema is not disputed

as a rule.

The toxic and hypoxic theory of Konheim and Lichtheim has not been
proven even at the present time. The hypoxic theory of the origin of
pulmonary edema contradicts the fact that gas exchange in the lungs takes
place rapidly so that the tissue of the lungs is provided with sufficient
oxygen even with significant hemodynamic disturbances. There are also
reliable indications of the absence of any change in permeability of the
vessels in hypoxia. Thus, Rech (1963), showed in his experiments with
guinea pigs that the permeability of the mesothelium is not disturbed when
the animals are kept in a gas mixture consisting of 47 oxygen .and 967 nitrogen,

although some animals died of anoxia under these conditions.

We might suggest that hypoxia is accompanied by the formation of non-
oxidized products which have a toxic effect on the pulmonary membrane. How-
ever, thus far, no endogenic toxic substances have been found which are
formed in hypoxia and which increase the permeability of the pulmonary vessels.
At the same time, considerable data have been accumulated which indicate that

the pulmonary membrane is irritated by the action of exogenic toxic substances.
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Laker, et al.(1932) and N, A. Soshestvenskiy (1933) showed that edema of
isolated lungs develops about an hour after cats have been poisoned with
phosgene at a perfusion blood pressure of 30 to 40 mm Hg, and at 82 mm Hg in
animals that have not been poisoned, which is an indication of an increase in
the permeability of the vessels under the influence of phosgene. The same
thing is indicated by the high content of protein in the edematous fluid in
phosgenic and diphosgenic edema of the lungs (Cameron and Courtice, 1946).
The amount of protein in the edematous fluid was felt by Ya. A. Lazaris and
I. A. Serebrovskaya (1962) to be one of the principal indicators of an

increase in the permeability of the pulmonary membrane.

It is important to keep in mind that with certain effects on the nervous
system even direct irritation of the pulmonary membrane is not accompanied by
an increase in permeability. Thus, Laker et al. prevented phosgenic and
diphosgenic pulmonary edema by preliminary vagotomy in the neck, G. S. Kan
(1953) by a vagosympathetic block. A. K. Sangaylo, et al.(1935), who produced
edema in certain portions of the lungs by the action of nitrous oxide,
observed hyperemia in symmetrical areas in the other lung. This form of
edema develops against the background of low pressure in the greater and
lesser circulations. It is natural that under these conditions it might arise
only as a consequence of the disruption of the permeability of the pulmonary
membrane. Development of this pulmonary edema was inhibited by substances
(chloral hydrate, aminazine, sympatholytin) which change the functional state

of the nervous system (Serebrovskaya, 1958).

Luisada and Sarnoff (1946a, b, c) feel that when a physiological solution /53
is injected into the carotid artery the permeability of the pulmonary vessels
may change in a reflex response due to stimulation of the baroreceptors of the
carotid sinus, the pulmonary vessels, and the heart. G. S. Kan (1953) has a

similar opinion.

¢

Direct indications of an increase in permeability of the pulmonary
membrane in pulmonary edema were obtained by Meessen and Schulz (1957) using

electron microscopy. They produced edema by intraperitoneal injection of
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alpha-naphthylthiourea, cyosemicarbazide (a derivative of thiourea)

or by ligation of the pulmonary vein which runs from one of the lobes of the
lung. The authors observed a number of stages of development of pulmonary
edema. At first there was an intra—epithelial edema (swelling of the
processes of the epithelial cells). The epithelial cells lost contact with
one another and exposed portions of the capillaries were seen, which some-
times led into the lumina of the alveoli. With further swelling of the
epithelial cells, the basal membrane ruptured and interalveolar edema
developed. The experimenters also observed rupture of the capillary endo-
thelium of the capillaries. In the final analysis, the overall thickness of
the pulmonary membrane increased from 0.6 to 2.5 microns. The morphological

changes in pulmonary edema from different causes were the same.

Hence, at the present time there are both indirect and direct indi-
cations of the disruption of the permeability of the pulmonary membrane in

the development of pulmonary edema.

It should be emphasized that many factors point to an important role
for the nervous system in the change in permeability of the pulmonary mem-
brane. As we have already mentioned, this is indicated even in those cases
when the toxic substances (phosgene, for example) act directly on the
alveolar epithelium (Laker, 1932; Tonkikh, 1949). 1In view of the fact that
this problem is very important for our work, we must consider it in more

detail.

Role of the Nervous System in the

Development of Pulmonary Edema

Innervation of the lungs. The afferent fibers from the lungs are

included in the vagus, upper laryngeal, phrenic and spinal sensory nerves
(Lashkov, 1963; Kupriyanov, 1959; Grigor'yeva, 1954; Zabusov, 1941; Aviado,
Schmidt, 1957, et al.). In all layers of the pulmonary arteries and veins,
there are many sensory endings of chemo- and mechanoreceptor type. The

pulmonary veins are significantly richer in arteries with mechanoreceptors.
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The efferent innervation of the lungs takes place via the sympathetic
and parasympathetic nerves. The sympathetic fibers which serve the pulmonary
veins originate in the cells of the lateral crescent of grey matter in the

third through seventh thoracic segments of the spinal cord.

The fibers to the lungs run from the stellate and cervical sympathetic
nodes; the parasympathetic nerves of the pulmonary vessels, in the opinion of

the majority of investigators, are vasodilators.

Shternberg and Tamari (1928) are of the opinion that the centers which
regulate alveolar blood circulation are located in the diencephalon and the
mesencephalon (more exactly, in the vicinity of the medulla oblongata). An
indirect basis for this concept is the results of experiments with intra-
venous injection of India ink, causing contraction of the small vessels of the
lungs. Deep anesthesia prevents this narrowing of the vessels, but removal
of the hemispheres does not affect this reaction; decerebration (with re-

tention of the mesencaphalon and diencephalon) sharply reduces it.

Effect of Vagotomy on the

Development of Pulmonary Edema

Many investigations have shown that bilateral vagotomy alone as a rule
leads to the development of inflammation, "vagus pneumonia' and pulmonary
edema, and can also cause a marked change in the course of pulmonary edema
caused by other factors., A great many experimental studies have been devoted
to the nature of these phenomena. However, both the actual data and the

conclusions from them contain many contradictions.

As early as 1847, Schiff formulated the "neuroparalytic' theory of the
development of pulmonary edema on the basis of the assumption that the vagus
nerves are vasoconstrictors for the lungs and that cutting them produces
neuroparalytic hyperemia. This causes the lungs to develop stagnation
phenomena which increase transudation of fluid from the alveolar vessels.

However, there are many data at the present time which show that impulses
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can be transmitted along the vagus nerves that cause the pulmonary vessels
to dilate rather than constrict. Thus, Shepherd et al.(1959) and Marshal,
et al.(1959) found that stimulation of the cholinoreactive system of the
pulmonary vessels by very small doses of acetylcholine (by injecting it into
the lesser circulation) relieves the spasms of the pulmonary arterioles.
These data provide us with a basis for stating that pulmonary vasodilators

are of a parasympathetic nature and consequently belong to the vagus nerves.

The second widely accepted theory of the development of 'vagus pneumonia"
is the aspiration theory, linked with the views of Traube (1871). According
to this theory, the changes in the lungs are related to many extrapulmonary
factors that develop following vagotomy; laryngospasm, inspiration of food,
loss of sensitivity of the mucous envelopes of the bronchi, disappearance of

the Hering-Breuer reflex and disturbances in heart action.

This theory has also encountered a number of objections. Thus, F. Alex- /55
androv (1892) howed that paralysis of the rima glottidis and deglutition
have no role whatsoever in the formation of pulmonary edema, since cutting
of the accessory and recurrent nerves does not produce edema. Constriction

of the rima glottidis also does not cause pulmonary edema by itself.

In his experiments, Farber (1937a, b, 1940) observed changes in the
lungs similar to those which develop when the vagus nerves are cut. These
changes appeared when the radix of the lung was covered with a cloth moistened
in 1% novocain, thus causing temporary denervation of the lungs. In other
experiments, the author prevented laryngospasms and aspiration, but vagotomy
under these conditions gave a similar result. Reichsman (1946) also showed l
that prevention of laryngospasm by a low vagotomy does not prevent develop-

ment of pulmonary edema, which usually arises following this operation.

Hence, the neuroparalytic theory of Schiff and the aspiration theory of
Traube encounter a number of contradictions. Now, it is not surprising that
the vagus nerves are carriers of afferent impulses from the pulmonary vessels.

It has been shown that when the pressure in the lesser circulation changes,
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the pressure in the vessels of the greater circulation changes in the opposite

direction. The vagus nerves form the afferent branch of this reflex (Parin,

1946; Aviado and Schmidt, 1955, et al.).

The role of the afferent fibers of these nerves in the development of
pulmonary edema has been studied in particular in various experimental models.
Thus, Kraus (1913) showed that the afferent impulses from the lungs, passing
into the CNS via the vagus nerves, participate in the realization of the
discharge reaction of the lesser circulation preventing development of
pulmonary edema in plethora. The disruption of this reflex arc leads to

rapid development of pulmonary edema in plethora.

Kraus' data were supported by Farber (1940), but the author felt that
the cause of the development of edema following vagotomy was the exclusion of
efferent impulses from the lungs. Later on, however, many investigators have
experimentally determined the important role of afferent impulses from the
lungs in the development of pulmonary edema. Thus, A. V. Tonkikh (1949)
observed that the electrical or mechanical stimulation of the afferent fibers
of the vagus nerve produces pulmonary edema or pneumonia. A. M. Chernukh
(1954), stimulating the central ending of the right vagus nerve in the neck
of the rabbit by injecting into it 0.03 to 0.05 ml of turpentine, observed /56

development of pneumonia or pulmonary edema in all cases.

The observations of G. S. Kan (1953) agree with the data of A. M.
Chernukh and A. V. Tonkikh. In his experiments, a subthreshold dose of
adrenalin failed to produce pulmonary edema in control rabbits. However,
when the same injection of adrenalin was accompanied by stimulation of the

central ending of the vagus nerve, fatal pulmonary edema developed.

The concept that impulses which allow development of pulmonary edema
pass along the vagus nerves has been employed by various investigators in the
prophylaxis of edema by excising these nerves in the experiment., Thus, the
inhibitory effect of vagotomy on the development of edema was observed by

K. Laker et al.(1932) in their study of toxic edema produced by phosgene.
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Cutting of both vagus nerves in the neck into'two stages prevented the development
of edema in 12 out of 22 cats. However, when S. I. Yenikeyev (1944) performed
the same experiments, he was unable to prevent the development of phosgenic
pulmonary edema. K. M. Bykov et al.(1943a, b) prevented the development of
adrenalin edema by bilateral vagotomy. However, in the experiments of

Cassen and Kistler (1954a, b) vagotomy not only did not inhibit the develop-~
ment of pulmonary edema, but even accelerated it. There are scattered indi-
cations (Weiser, 1923; Rabinovich, 1940) that vagotomy increases the
permeability of the pulmonary vessels. In addition, the experiments described
above in which vagotomy produced development of pulmonary edema also con-

tradict these concepts.

The data presented above indicate the complex nature of the effect of the
vagus nerves on the development of the pulmonary edema. Apparently, this also
explains the contradictory nature of the data which are obtained under

different conditions by different authors.

The Effect of the Sympathetic Nerves

on the Development of Pulmonary Edema

The sympathetic nerves, in a widely held opinion, are vasoconstrictors.
"Unfortunately, there are almost no indications of the sympathetic vaso-
constriction of the venous portion of the lesser circulation. At the same
time, however, it is understandable that spasms of the venous vessels could
serve as a hemodynamic explanation for pulmonary edema with an increase in
the flow of sympathetic impulses to the lungs. Spasms of the arterioles, on
the other hand, act as a mechanism that weakens capillary hypertonia in the

lesser circulation,'" emphasize A. Ya. Lazaris and I. A. Serebrovskaya (1962).

Desympathization of the lungs may coﬂsiderably reduce the development
of edema, caused by different methods. Thus, Boggian (1929) prevented
adrenalin pulmonary edema by uni- and bilateral extirpation of the stellate
nodes; Luisada (1928) achieved the same effect by cutting the spinal cord

between the middle cervical segments. According to the data of E. P. Rudin
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(1963), removal of the stellate nodes ten to twenty days before the experiment
prevented the development of edema in the majority of cases involving 1i.v.
injection of 10% chloramine. Only 8 out of 34 experimental dogs died of /57

pulmonary edema, while all the animals perished in the control series of

experiments.

By removing the upper cervical sympathetic node, A. V. Tonkikh was able
to prevent the appearance of diphosgenic pulmonary edema, which it is felt
develops as the result of irritation of the pulmonary membrane and an

increase in its permeability.

Together with data which indicate an inhibitory effect of desympathiza-

tion of the lungs on the development of edema, opposite results have also been

described.

Thus, Ferguson and Berkas (1957) produced pulmonary edema by means of a
sharp increase in the hydrostatic pressure in the pulmonary vessels by
diverting the blood through a shunt from the bronchial artery to the pul-
monary artery. Using this model, the authors found the denervation of
certain segments of the lungs speeded up the development of edema at a
lower pressure in the same denervated segment. The authors feel that with
an excess flow of blood into the arteries in the lesser circulation, the
development of edema in those segments of the lungs in which the innervation
is intact prevents the spasms of the precapillary vessels which develop as

the result of the influence of the sympathetic nerves.

The involvement of the sympathetic nervous system in the pathogenésis of
pulmonary edema is accomplished not only by the changes in the hemodynamics in
the lesser circulation, but also by the influence on the vascular permeability.
This was shown in the experiments of Nissel (1950). He produced edema of an
isolated lung that was perfused for a long time with a blood substitute.

When perfusion was accompanied by stimulation of the nerve fibers running from
the stellate node, edema developed twice as rapidly (at the same perfusion

in both groups of experiments). The author suggests that pulmonary edema
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develops more rapidly under these conditions as the result of increased

permeability of the capillaries.

The understanding of the true role of the sympathetic nervous system in
the development of pulmonary edema is complicated by the fact that an in-
crease in tone, which leads to a constriction of the precapillary vessels,
prevents the development of edema, while stimulation of the sympathetic
nerves may increase the permeability of the vessels and facilitate the

development of edema.

Certain Segments of the Central Nervous System

Upon the Development of Pulmonary Edema

Pulmonary edema is a frequent complication of problems affecting the
nervous system (Levantovskiy, 1939; Luisada and Cardi, 1956), often leading
to the death of the patient. Under experimental conditions, edema often

arises with damage or trauma affecting the head.

Thus, Cassen and Kistler (1954a) produced pulmonary edema in mice by an
explosion wave. Protecting the heads of the experimental animals against the
air shock by a shield sharply reduced the intensity of the edema which
developed. The same protection applied to the chest cavity (rib cage) had
no effect on the development of edema. The authors felt that cholinergic
substances (carboxylin, mecholin, pilocarpine) prevented edema in trauma to

the head, while bilateral vagotomy intensified it.

Pulmonary edema may be produced by injection of different stimulants
into the subarachnoid space: coal tar, coagulant mixtures of fibrinogen and
thrombin, turpentine). All of these stimulants produce similar reactions as
far as the lungs are concerned: initial hyperemia, hemorrhagic edema, and
pneumonia after 16 to 22 days. This picture develops against a background

of progressive hypertonia of the lesser circulation due to constriction of

71

/58



the pulmonary vessels and redistribution of the blood (Maire and Patton, 1954,

1956a, b; Sarnoff, 1952).

However, with a similar subarachnoid injection of 0.03 to 0.05 ml of
turpentine in rabbits, A. M. Chernukh (1950, 1952, 1954) also observed
pronounced hyperemia and insignificant pulmonary edema, with pneumonia at
later stages. Unilateral vagotomy, like stimulation of the vagus nerve, in

his experiments intensified the development of edema on the same side.

Maire and Patton produced pulmonary edema in rats by strictly localized
stimulation of the pre-optical zone of the hypothalamus with an electric
current of 4 microamperes for 21 to 32 seconds, using a unipolar electrode.
The authors feel that the electric current in this case excludes certain
pathways passing directly above the optic chiasm and even created the
impression that there is an "edemogenic center' located somewhat behind the
preoptic zone, whose disturbance (or the disturbance of its descending path-
ways) excludes the possibility of developing pulmonary edema in case of
damage to the preoptic region. According to the data of the authors, vagotomy
does not (but cutting of the spinal cord does) prevent the development of
pulmonary edema. They feel that pulmonary edema involving stimulation of the
hypothalamus develops as the result of a shift of blood from the abdominal
cavity to the lungs, caused by a sharp constriction of the vessels in the
abdominal organs, since cutting of the splanchnic nerves prevents this
"preoptic" pulmonary edema. This is supported by the fact that, when the
splanchnic nerves are cut, the weight of the liver and spleen does not
decrease. As we know, this is observed when intact splanchnic nerves are
stimulated as the result of expression of blood from them (and, consequently,

from the organs in the abdominal cavity) and overfilling of the lesser

circulation.

Cameron and De (1949) produced pulmonary edema by the intracisternal
injection of a coagulant fibrin mixture, in which the development of edema
was inhibited following preliminary bilateral vagotomy, atropinization and

cocainization. Vagotomy alone was unable to affect the hemodynamic changes
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accompanying the injection of these mixes. However, cutting of the vagus
nerves in similar experiments by Sarnoff et al.(1952a, b, 1953) did not lead

to the development of edema.

These data indicate that exclusion of the peripheral nervous system may

have an influence on the course of pulmonary edema of central origin.

Several investigators have suggested that exclusion of the central
nervous system may inhibit the development of pulmonary edema. Thus, according
to the data of A. G. Kravchenko (1959a), decerebration between the lamina
quadrigemina or at the level of the posterior lamina quadrigemina in cats
prevented the development of adrenalin edema in 9 out of 13 cases. The
author feels that the pathological reflex which leads to the development of
pulmonary edema may be incorporated in the brain stem at the level of the

lamina quadrigemina or beneath it.

Hence, the participation of the nerve apparatus in the development of
pulmonary edema is quite clearly evident. Contradiction of experimental data
on the effect of the nervous system on the development of pulmonary edema
obviously is explained primarily by the complexity and the diversity of forms
of jits participation in the development of this pathological process. Only
a tedious accumulation of the very newest data will make possible a more

detailed study of the pathogenesis of this complex syndrome.

Features of Adrenalin Pulmonary Edema

One of the most reliable ways to obtain pulmonary edema is intravenous
injection of adrenalin. The initial effects of the extract of the adrenal
glands on the organism of several animals (rabbits and guinea pigs) began to
be studied in 1894 by the Russian scientists Tsybul'skiy and Simanovich and
the Englishmen Oliver and Sheffer, working independently. These investi-
gators observed the development of fatal pulmonary edema which developed when
patients were injected with a dose of preparation. However, as the model for

obtaining pulmonary edema, this experimental method was worked out much later
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by Luisada (1928), Shternberg and Tamari (1928) and Glass (1928). They also

showed the significance of nerve mechanisms in the genesis of this edema.

We must take into account the fact that the adrenalin model of pulmonary
edema is hemodynamic. At the present time, the disruption of hemodynamics
arising after injection of adrenalin into the greater and lesser circulations
and leading to the development of edema has been sufficiently well studied.

It is accompanied by spasms of the periphéral vessels and a sharp increase

in the arterial pressure in the greater circulation so that the blood, so to
speak, is expressed from the internal organs into the venous tree. This /60
causes an increase in the influx of blood into the right heart and accordingly
into the pulmonary vessels. With a sufficiently high arterial pressure in the
vessels of the greater circulation, the left heart is not in a position to
propel all the blood out of the pulmonary vessels. This means that the

lesser circulation develops stagnation of the blood and a rise in the hydro-
static pressure (and, consequently, in the filtration pressure). As a result
of the high filtration pressure and the rise in permeability of the pulmonary
membrane, a serous fluid rich in proteins is forced from the blood in the
pulmonary vessels into the alveoli. This disrupts the gas exchange in the
lungs and causes death in severe cases. According to G. S. Kan (1953), the
mechanism for the development of pulmonary edema is as follows. The intra-
venous injection of toxic doses of adrenalin produces an initial powerful
stimulation of the chemoreceptors of the lesser circulation, the heart and
adjacent vascular regions. Reaching the peripheral arterial vessels, the
adrenalin causes a sharp rise in the level of arterial pressure as a result

of spasms, mainly of the arterioles innervated by the splanchnic nerves.

At the same time, the blood is redistributed. From the internal organs where
the vessels are constricted, it flows out into the vessels of the skeletal
muscles and the brain, a large portion going into the pulmonary vessels. As

a result, there is a marked overfilling of the pulmonary vessels with blocd,
causing a discharge reflex: the excess fluid is removed from the lungs by
means of protective mechanisms along the lymphatic vessels and by evaporation
of the liquid which penetrates the alveoli. As the dose of adrenalin in-

creases, this process increases quantitatively, but due to insufficiency of
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the complex of protective mechanisms relieving the lesser circulation, the
transudate (and later the hemorrhagic fluid) begins to fill a portion of the
alveoli and then all the alveoli. It destroys gas exchange in the lungs,

and the animals perish from the anoxemia and anoxia which develop.

The changes in hemodynamics with the development of adrenalin pulmonary

edema have also been studied in rather fine detail (Cheng, 1958; Cheng and

Jarret, 1958). These authors found that the intravenous injection of adrenalin

causes constriction of the peripheral vessels, which leads in turn to hypo-
tonia in the greater circulation, increasing the venous flow into the right
heart and into the pulmonary artery. The pulmonary arterial pressure and the
pressure in the auricles and ventricles increases significantly. As a

result of the rise in pressure in the greater circulation, there is a sharp
increase in the left heart which prevents efflux from the pulmonary veins.
Due to the increase in the filling of the lungs with blood, the hydrostatic
pressure is increased two-fold in their capillaries. This exceeds the oncotic
pressure of the plasma. The pressure gradient between the pulmonary arteries
and the left auricle decreases. The work of the right and left hearts begins
to decrease following the initial increase, decreasing the minute volume.

Under these conditions, pulmonary edema develops.

There are large amounts of data on the role of the nervous system in the
disruption of the permeability of the pulmonary membrane with the development

of adrenalin pulmonary edema.

Effect of Vagotomy Upon the

Development of Adrenalin Pulmonary Edema

The experiments of A. G. Kravchenko (1955, 1959a) on rabbits and cats
(adrenalin injected intravenously, 0.3 - 0.5 mg/kg) showed that unilateral
vagotomy has no effect on the progress of pulmonary edema, while bilateral
vagotomy increases the intensity of its development. In the author's opinion,
this is a consequence of the simultaneous exclusion of the afferent and

efferent impulses, since exclusion of only the afferent fibers of the vagus
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nerve by atropine (0.1 to 1.0 ml given i.v., 10 to 20 minutes prior to
injection of adrenalin) had no effect on the course of edema. However, an
increase in the function of the efferent fibers of the vagus nerves upon the
injection of an anticholinesterase preparation of eserin in the majority of
cases prevented the development of adrenalin pulmonary edema in the animals.

Similar results with vagotomy were obtained by Wright and Whitten (1953).

A diametrically opposite outcome for experiments with preliminary
vagotomy was observed by K. M. Bykov and his associates (1943a, b). Adrenalin
was injected into rabbits 15 to 40 minutes after bilateral vagotomy. The
majority of experimental animals failed to develop any pulmonary edema; in
the others, the degree of edema was significantly less than in the controls,
and it occurred later. The animals rarely died. Atropinization and uni-
lateral vagotomy had no effect on the development of edema. The same result
was observed in experiments using similar effects by G. S. Kan, 1953, with
the exception of the fact that in his experiments the edema increased when

large doses of atropine (1-5 mg for a rabbit) were given.

Bilateral vagotomy in the experiments of G. S. Kan retarded the
development of edema to a lesser extent than in the experiments of K. M. Bykov,
although the conditions for conducting the experiments were the same: adrena-
lin was injected 15 to 30 minutes after cutting the nerves in doses of 0.3
mg/kg or somewhat less. Seven out of the eleven experimental rabbits
survived, and four died from savere pulmonary edema. It should be mentioned
that the difference in the results of the experiments of these authors might
depend on the fact that G. S. Kan used doses of adrenalin 1-1/2 to 2 times
greater than did Bykov et al. Kan felt that a reduction in the development
of edema following vagotomy is a consequence of exclusion of the afferent
impulses passing from the lungs to the CNS. This conclusion is supported
by the fact that exclusion of efferent endings of the vagus nerves by
atropinization did not étop the development of pulmonary edema. However,
an increase in the. flow of afferent impulses produced by stimulation with
electric current of the central segment of the vagus nerve, in conjunction

with the i.v. injection of subthreshold doses of adrenalin, led as a rule to
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severe pulmonary edema. At the same time, however, neither the stimulation
of the nerve nor the injection of equal doses of adrenalin alone (without

being combined) was able to produce edema.

The same point of view is supported by other experiments of G. S. Kan. 62

The injections of 20 ml of physiological solution with a fatal lethal dose

of adrenalin into the carotid artery produced a sharp increase in arterial
pressure, but it was not accompanied by the development of edema. The author
concludes that the primary influence on the development of edema is exerted

by the stimulation of chemoreceptors in the lesser circulation by adrenalin;

other receptors, however, like the mechanical factor, play a secondary role.

This is indicated by the fact that a combination involving stimulation of the
central ending of the vagus nerve produced edema under the same experimental

conditions.

Hence, unilateral vagotomy did not produce any effect on the development
of adrenalin edema in all experiments. This may be explained by the presence
of a chiasmic innérvation of the lungs by the vagus nerves. Exclusion of the
efferent fibers of the vagus nerves either had no effect on the progress of
the edema or slightly increased it, but unilateral vagotomy in experiments of
different investigators turned out to have a diametrically opposite effect
on the development of adrenalin pulmonary edema. Although in some cases. the
contradiction of the data might be due to differences in methodology, it still
remains unexplained why vagotomy caused opposite results under the same

experimental conditions.

Exclusion of Sympathetic Nerves

In the majority of cases, this retarded the development of adrenalin

pulmonary edema.

Luisada (1928) and G. S. Kan (1953) prevented pulmonary edema by cutting

the spinal cord between the middle cervical segments. G. S. Kan feels that

77



this excluded the efferent pathway which passes from the CNS along the
sympathetic nerve fibers to the lungs.

Boggian (1929) prevented adrenalin pulmonary edema by extirpation of one
or both stellate nodes; Halpern and Roux (1949) prevented it by preliminary

injection of sympatholytic substances (gynergen, dibenamine, dihydroergotamine,

etc.). They were completely successful in preventing adrenalin edema in 35
rats by the preliminary injection of sympatholytin or animazine (Bymanova
et al., 1956; Bymanova, 1957). 1In these same experiments, it was noted that

pachycarpine (the blocker of N~cholinoreactive systems) had no effect on the

development of pulmonary edema.

An inhibitory effect on the development of edema was observed by Glass

(1928) when he removed the upper cervical sympathetic node.

Hence, removal of the efferent sympathetic nerves of the lungs, as a
rule, prevents or retards the development of adrenalin pulmonary edema. The
majority of experimenters feel that these nerves carry impulses from the CNS

to the lesser circulation,allowing development of pulmonary edema.

Exclusion of Different Sections of the Central Nervous System

Depending of the level of the cut, this has different effects on the

development of adrenalin pulmonary edema.

Luisada (1928) removed the cerebral cortex and corpus striatum 24 hours
prior to the injection of adrenalin. Edema did not develop in two .out of
four rabbits. Decerebration under a mild ether anesthesia 10 to 15 minutes
prior to injection of adrenalin prevented edema in the experiments of

K. M. Bykov et al.(1943a, b).

G. S. Kan (1953) cut the brain either between the laminae quadrigeminae
or at the level of the posterior laminae quadrigeminae under anesthetic

(ether, urethane). Following decerebration, 45 to 100 minutes later, the

78



usual lethal dose of adrenalin was given. Fatal pulmonary edema was observed

in all the rabbits.

Contradictory results were obtained under similar conditions by A. G.
Kravchenko (1955, 1959a, b). Decerebration between the laminae quadrigeminae
or at the level of the posterior laminae quadrigeminae prevented development

of pulmonary edema in 9 out of 13 cats and in 9 out of 10 rabbits.

All of these experimental data have led the majority of investigators to
conclude that the development of adrenalin pulmonary edema means that the
reflex arc that begins in the vascular receptor zones can be closed at the

level of the brain stem.

A clear example of the participation of the nervous system in the
development of adrenalin pulmonary edema is the fact that this form of edema
is very difficult to produce in the early post-natal period of development of
animals. During this period, the nervous system has not yet been completely
formed, and many reflexogenic zones are not functioning; the nervous system

is areactive to many stimuli (Arshavskiy, 1936, 1952, 1967; Kositskiy, 1949b).

With this in mind, A. G. Kravchenko (1959b, c) studied the development
of pulmonary edema in young puppies. Injection of 0.005 to 0.1% solution of
adrenalin per kg of body weight did not produce pulmonary edema in puppies
1 to 10 days old. At the age of 10 to 20 days, an insignificant edema arose
at the same doses. At later stages, the same dose of adrenalin produced
severe pulmonary edema. The absence of pulmonary edema in the puppies when
large doses of adrenalin were injected is explained by the author as due to
insufficient function of the receptor zones of the cardiovascular system
(sino-carotid and cardio-arterial). During this period, there is also an
absence of reactions of the respiration and blood circulation to the stimulus
of afferent fibers of the vagus nerve (Polosukhin, 1948; Arshavskiy, 1936),
but the efferent effects of the vagus and sympathetic nerves on the cardio-

vascular system are present (Kositskiy, 1949b).
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‘According to the data of S. I. Yennikeyeva (1945), the lethal dose of /64

adrenalin for puppies is 8 to 10 times greater than for adult dogs. The
lethal dose of adremalin for baby rabbits up to 12-15 days old is 20 to 30
times gréater than for adult rabbits. Similar resultslunder the same
experimental conditions were obtained by G. S. Kan (1953). Hence, there is
every reason to assume that the participation of the reflex central apparatus

of the nervous system is necessary for the development of adrenalin edema of

the lungs.

A necessary condition for the development of pulmonary edema from any

cause is disruption of the permeability of the pulmonary membrane.

An indirect indication of an increase in permeability of the pulmonary
membrane with development of adrenalin pulmonary edema and also the fact that
its development is not necessarily a consequence of an increase of hydro-
static pressure is indicated by the observations of G. S. Kan (1953), Halpern
et al. (19250) and K. M. Bykov et al. (1943 a, b).

Thus, in the experiments of G. S. Kan which involved intra-arterial
injection of adrenalin, the arterial pressure rose more sharply than in the
case of intravenous injection of the same substance at the same doses, but no
pulmonary edema developed. Halpern, et al.(1950) demonstrated the possibility
of preventing adrenalin pulmonary edema by a preliminary injection of phenergan

with complete retention of a pronounced rise in pressure in the right ventricle

and the greater circulation.

In the experiments of K. M. Bykov, et al.(1943a, b), decerebration
prevented the development of edema, although the pressure rose to the same

degree as in the intact animals when adrenalin was injected into the experi-

mental rabbits.
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Indirect indications of an increase in permeability of the pulmonary
membrane with development of adrenalin pulmonary edema include the observa-
tions of Trendelenberg (cited in Ya. A. Lazaris and I. A. Serebrovskaya (1962)
showing that subcutaneous injection of large doses of adrenalin causes
pulmonary edema without hypertension or with a very moderate increase in

blood pressure.

Direct indications of disruption of the permeability of the pulmonary
membrane with the development of adrenalin pulmonary edema were given by
Hayek (1953) and Kisch (1958a, b). Using an electron microscope, Kisch
observed structural changes in the membrane analogous to those which were

described by Meessen and Schulz in 1957 in other forms of pulmonary edema.

Hence, adrenalin pulmonary edema, like edema from other causes, is the 65
consequence not only of changes in hemodynamics, but also of disruption of
permeability of the pulmonary membrane. In this respect, obviously, both

changes in hemodynamics and disruptions of permeability have reflex origins.

Gelhorn (1932), G. S. Kan (1953), A. I. Il'ina (1952), Luisada (1928)
and A. V. Tonkikh (1949) and other authors feel that an increase in permea-
bility arises due to increased flow of efferent impulses coming along the
sympathetic nerves to the lungs. Thus, A. V. Tonkikh showed that stimulation
of the peripheral end of the vagus nerve does not produce changes in the
permeability of the pulmonary vessels, while stimulation of the sympathetic
system (crushing of the upper cervical nodes) produced pulmonary edema and

pneumonia.

G. S. Kan, investigating the role of the nervous system in the patho-
genesis of pulmonary.edema, concluded that a critical role in its develop-
ment is played by reflex mechanisms. He proposed the following reflex
system for the production of edema: adrenalin, injected intravenously,
stimulates the chemoreceptors of the lesser circulation and, by increasing
the blood pressure, causes irritation of the baroreceptors in the lesser

circulation and other reflexogenic zones. The flow of impulses along the
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afferent fibers of the vagus nerves reaches the brain stem and then moves on
along the descending pathways of the spinal cord; the impulses then pass into
the pulmonary vessels through the marginal sympathetic chain, promoting the

development of edema.

Effect of Supplementary Nonspecific Stimuli on the

Development of Adrenalin Pulmonary Edema

Hence, an analysis of the literature on the pathogenesis of adrenalin
pulmonary edema brings us to the conclusion that an important role in the
development of this pathological process must be assigned to the nervous
system. There are many data which show that stimulation of the nervous
system by various stimuli can have a significant effect in changing the

course of pulmonary edema.

Thus, G. S. Kan (1953), in his experiments on rabbits, injected adrenalin
intravenously in doses that were 37 to 457 less than the usual toxic lethal
dose. TImmediately after injection, electric current was used to stimulate
the central end of the formerly prepared and sectioned sciatic nerve. The

animals died in 4 to 15 minutes from severe hemorrhagic pulmonary edema.

In our experiments, we prepared the sciatic nerves of six rabbits. They
were connected to platinum electrodes attached to the secondary coil of a Dubois-
Raymond apparatus. Adrenalin was injected into the ear vein for 30 seconds
at a dose that was used by G. S. Kan (1953), Table 1. In 3 to 12 minutes
after injection of adrenalin, the sciatic nerves were stimulated by an
impulse of electric current from the induction coil (the voltage on the
primary was 2 to 4 V, and the distance between the windings was 9 to 13 cm). 166
Severe pulmonary edema rapidly developed when the current stimulus was '
applied. The results of this group of experiments were similar to those
described in the data of Kan. We showed however that the development of
edema is dependent on the time of application of the supplementary non-

specific stimulus (electric current).
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TABLE 1.

DOSES OF ADRENALIN PRODUCING PULMONARY EDEMA IN RABBITS

(INTRAVENOUS INJECTION)

. Adrenalin dose, mg Adrenalin dose, mg
. For animal as| Per kg . For animal as | Per k
Rabbit Rabbit 8
wt., g arvbéle ) body wt wE., g- a whole. body wt
Luisada G.S. Kan Luisada G.S. Kan
o (1928) (1953) (1928) (1953)
1400 0,40 0,42 1800 0,55 0,55
1500 0,45 0,45 1900 0,55 0,55
1600 0,45 0,45 2000 0,55 0,6
1700 0,50 0,55

In those cases when the stimulation of the sciatic nerves preceded the
injection of a toxic dose of adrenalin, it prevented development of pulmonary
edema. This was clearly demonstrated in the experiments on seven rabbits

with the aid of the method described above.

The current strength was set so that the animals responded with a motor
reaction only during the first moments of action of the current, then re-
mained quiet during the experiment (the distance between the windings was
9-13 cm, and the primary voltage was 2-4 V). The problem of the strength of
the stimulus plays an extremely important role in these experiments, so that

it must be discussed in greater detail.

As we know, I. P. Pavlov observed that irradiational concentration of
any nervous process in the cortex of the cerebrum caused by the action of
any kind of stimulus depends on the strength of the latter. A weak (for a
given nervous system) stimulus produces a weak excitation process which has
the ability to irradiate (occupying other points). A rather strong (for a

given nervous system) stimulus leads to the development of a strong process
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of excitation which has the ability to concentrate at the point of develop-
ment. This is accompanied by the appearance of a negative induction, i.e.,
processes of inhibition in other points in the CNS. A still stronger (for
the given‘nervous system) stimulus produces the phenomenon of a strong
excitation process which again begins to irradiate, thereby occupying the

entire CNS. Generalization of the excitation process then occurs.

We found in our studies that in order to inhibit adrenalin pulmonary /67
edema, it is necessary to use rather strong stimuli which produce a concentra-
tion of the process of excitation at the original point in the central nervous
system and phenomena of negative induction (inhibition) at other points. This
state is manifested externally by the development of phenomena of inhibition
and motor cramps (numbness) of the animal. The administration of a patho-
genic stimulus against the same background does not lead to the development
of the pathological process. However, in the event that the force of a
"supplementary'" (nonspecific) stimulus is insufficient and the state of
total paralysis of the animal (stupor) does not develop (i.e., when the motor
activity is not inhibited as the stimulus is applied and does not change

noticeably, no inhibition of pathological processes takes place).

The same unsuccessful outcome is observed in those cases when the force
of the "supplementary'" (nonspecific) stimulus is excessive and leads to
generalization of the excitation process, occurring in the form of a sharply
increased motor activity, which changes to general muscle spasms. Therefore,
an important condition in these experiments is the fact that the intensity of
the supplementary stimulus must be selected individually so that it evokes
general inhibition (stupor) of the animal. Ignoring this fact could be the
cause of a lack of success in similar experiments, since inhibition of

pathological processes is not then possible.

Three to nineteen minutes after application of the current, and against
the background of its action, a toxic dose of adrenalin was given in the ear

vein of a rabbit.
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The animal continued to be under the continuous action of the current
for 10 to 20 minutes after the injection of adremnalin. Six rabbits in this
group, which did not die of pulmonary edema, were sacrificed, and the autopsies
of five of them failed to show any edema (the pulmonary coefficient was 4.5
to 5.5), while one showed traces of edema (pulmonary coefficient — 6.3(1)).
The seventh rabbit, before injection of adrenalin, was impossible to put into
a quiet state. It was excited during the experiment and died showing symptoms

of edema (pulmonary coefficient — 7.3).

Consequently, the same supplementary reflex (the effect of faradic current
on the sciatic nerve) produced contradictory effects on the outcome of the
pathological process, depending on whether or not it was preceded by the

action of a pathogenic stimulus or followed it.

Similar phenomena were observed in other experiments, especially in an
investigation of the action of artificial respiration on the development of
adrenalin pulmonary edeﬁa. In the experiments of G. S. Kan (1953), forced
artificial respiration prevented the development of pulmonary edema; the
author therefore even proposed that this method be used for treating severe
pulmonary edema. We repeated these experiments, changing only the periods of

application of artificial respiration.

In five rabbits, the switching on of artificial respiration preceded the
injection of adrenalin by several minutes or was begun at the same time that
the adrenalin was injected and lasted for 10 to 15 to 20 minutes more. Not
one of these five rabbits developed pulmonary edema. The pulmonary coeffi-

cient was 3.68-5.

In the next group of experiments, on five rabbits, the trachea was

prepared and a cannula inserted. Artificial respiration was not connected;

(l)The pulmonary coefficient is the ratio of the weight of the lungs in
grams to the body weight in kilograms, normally equal to 4.0-5.0 in the

rabbit.
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the animals simply breathed through the cannula. Adrenalin was injected
intravenously and five minutes after injection (when the development of
edema was usually observed to begin in the control experiments), forced
artificial respiration was applied. All five rabbits died several minutes
after the artificial respiration was connected, with symptoms of severe
pulmonary edema (the pulmonary coefficient was 8.5 to 11). Thus, in the
case of incipient edema, forced artificial respiration not only was not a
method to use in therapy, but might even have sped up the death of the

rabbits.

This same method, used prior to the injection of adrenalin or at the
time the latter was injected (prior to the beginning of development of
edema) prevented the development of edema. The mechanism of its action lies
not only in the influence which it exerts on the processes of gas diffusion
in the alveoli, but also in the fact that artificial respiration is a strong
stimulus for the receptors of the respiratory pathways and the lungs them-
selves. Hence, here again the outcome of the pathological process depends

on the interaction during pathogenic and supplementary stimuli.

In our opinion, stimulation of the receptors during artificial respira-
tion regularly inhibits the induction of the central branches of the reflex
reactions participating in the development of edema. With artificial
respiration, applied after adrenalin is injected, the stimulus from the
forced artificial respiration apparently reinforces the dominant foci of the
reflex reactions participating in the development of the edema, increasing
the intensity of this process. This assumption seems to us to be the most
satisfactory explanation for the experimental data obtained. Forced artifi-

cial respiration should therefore never be recommended as a method of treating

edema (Kositskiy, 1954).
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Development of Adrenalin Pulmonary Edema in_the

Case of Stimulation of the Peritoneal Receptors

by Injection of Turpentine, Fish 0il and Air

into the Peritoneal Cavity

Turpentine (2-6 ml) was injected into the peritoneal cavity of five
rabbits; a sixth animal received a significantly larger amount, 14 ml. Two
to five minutes after injection of the turpentine, a toxic dose of adrenalin
was administered intravenously. The first five rabbits did not develop pul- /69
monary edema (the coefficient was 3.5-5.2), while the sixth rabbit (which was
given the 14 ml of turpentine) died five minutes after injection of adrenalin,

showing symptoms of severe pulmonary edema (pulmonary coefficient — 12.7).

Consequently, stimulation by turpentine of the peritoneal receptors
prevented the development of pulmonary edema. The injection of overly large
amounts of turpentine (14 ml) did not prevent pulmonary edema. In two experi-
ments involving the injection of turpentine after adrenalin, the pulmonary
did develop. Prevention of edema in this case can apparently be explained by
the fact that the turpentine does not act as a specific "antidote'", but as a
"distracting" device, with the result depending on the time of application of

this supplementary stimulus.

Mild stimulus of the peritoneal receptors (injection of 80-90 ml of air
in four experiments and 14 ml of fish oil in one) did not prevent the develop-

ment of pulmonary edema.
The effect of the action of a supplementary nonspecific stimulus on the
development of pulmonary edema was studied in a special series of experiments

in which the stimulus was the production of artificial pneumothorax.

As we know, insufflation of air into the pleural cavity produced a

sharp stimulation of the extensive receptor field of the pleura (Kositskiy,
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1955; Kochergan, 1953, 1957). In this regard, we used pneumothorax as a

supplementary stimulus in experiments with adrenalin pulmonary edema.

In the control experiments (13 rabbits), adrenalin was injected into the
jugular or ear vein for 5 to 15 seconds in the doses suggested by Luisada
(1928). We recorded the blood pressure and the respiration. Nine rabbits in
this group died 5 to 15 minutes after injection of adrenalin, after developing
spasmodic asphyxic respiration and with the appearance of a frothy liquid in
the upper respiratory pathways. With the same symptoms, however, the four
remaining rabbits did not die in the same period of time and were killed.
After opening the rib cage, it was found that the lungs of all the animals
that had died or were sacrificed were swollen and did not collapse; they had
a spotted or marbled appearance, due to alternating dark red, cherry-colored
and rosy emphysematous areas. A large amount of frothy fluid flowed from the
surface of the incision. The trachea and bronchi were also filled with this
foamy liquid. The pulmonary coefficient, normally 4.0 to 5.0, was 8.3 to
12.5 in all experiments, indicating an increase in the weight of the lungs
by a factor of two or three relative to normal. Hence, the generally assumed
use of adrenalin in all 13 control experiments promoted the development of
severe pulmonary edema. In the basic experiments of this series, we studied
the influence of pneumothorax on the development of pulmonary edema. We /70
injected 10 to 60 cc of air into the pleural cavity of rabbits for 15 to 30
seconds. After producing artificial pneumothorax, X-rays were made of the
chest cavity; many showed air bubbles and the edge of the collapsed lung
(Figure 10A). Adrenalin was injected into the ear vein at different times
after the production of artificial pneumothorax (froﬁ 5 minutes to 3 hours

and 10 minutes later).

In the majority of cases, artificial pneumothorax protected the animals
from the development of edema in the case of those rabbits which (after the
injection of 25 to 40 cc of air with the formation of additional collapse of
the lungs) showed retention of negative pressure in the pleural cavity.
Twelve out of 19 experiments did not even show any traces of edema (pulmonary

coefficient — 3.5 to 5.95, with a normal of 4 to 5) and only the remaining 7
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Figure 10. X-rays of chest cavities of rabbits after
creation of artificial pneumothorax: A - Small air
bubble; B -~ Enormous air bubble.

experiments showed development of very small degree of pulmonary edema, much
less than in any of the control experiments (pulmonary coefficient — 6.33 to
7.2).

Consequently, the induction of artificial pneumothorax prevented the
animals from developing pulmonary edema upon the injection of a toxic dose
of adrenalin, Even when the lethal dose of adrenalin was increased in the
subsequent six experiments by 3 to 4 times, edema did not develop in three
of the experiments, even with artificial pneumothorax, while in the other

three experiments a relatively slight edema was seen.

It is doubtful whether the collapse of the lung in these cases was only
a simple mechanical factor that prevented the occurrence of edema. As we
know, collapse of the lungs produces conditions for blood stagnation which can
of themselves promote the development of edema. In our experiments, however,
collapse of the lungs prevented the development of edema. The suggestion of
"compression" as a mechanical direct preventative measure for edema was also

checked in a group of experiments where the injection of large amounts of gas
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into the pleural cavity took place. X-rays in these experiments showed an

immense air bubble and a considerable area of collapsed lung (Figure 10B).

In four cases, when 45 to 60 cc of air were injected, regardless of the
enormous bubble and the considerable collapse of the lung, edema of both lungs
developed. In exactly the same manner, edema developed in one case in the
case of insufflation of 10 cc of air when collapse was so slight that it
could not be determined by the use of X~rays and the pressure in the pleural
cavity, which was 2 to 3 cm H20 prior to artificial pneumothorax, did not
change after insufflation, but only occurred in another case, when a rela-
tively small bubble was observed, and the pressure in the pleural cavity
remained the same as before insufflation. This indicates that it is not a
mechanical factor that prevents the development of edema of the lungs, and
that artificial pneumothorax in these experiments had a reflex effect and not
a mechanical onme. It should be mentioned that to inhibit the pathological 171
effect of adrenalin, it is only necessary to have a certain optimum degree of
collapse, i.e., here, too, there is a quite distinct picture of the signifi-
cance of the factor of the strength of the supplementary stimulus. It is
interesting that unilateral artificial pneumothorax prevented to a unique
degree the development of edema in both lungs. However, in those cases when
edema still developed, it was equally severe in both lungs, regardless of the

side on which the artificial pneumothorax was created.

It is clear from the data given above that artificial pneumothorax
causes an adjustment of the organism such that a marked effect of adrenalin
on pulmonary receptors, causing the usual development of pathological reflex

edema of the lungs, does not lead to development of this reflex (Kositskiy,

1955).

Would it be interesting to find out to what extent similar results could
be obtained on other animals using other supplementary nonspecific stimuli?
In this connection, experiments were conducted with white mice, white rats
and guinea pigs. Working with small animals made it easier to apply the

experiments to a large number of animals.
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We determined the reliability of the difference between the pulmonary

coefficients and the survival time of the experimental and control animals.

For the mice, rats and guinea pigs, the toxic doses of adrenalin were
selected empirically and were as follows: for mice, 0.105 to 0.022 mg
adrenalin were given to animals weighing 18 to 22 grams, injected into the /72
tail vein in 0.10 to 0.20 ml of physiological solution for 5 seconds; for
guinea pigs and rats, the dose was 0.2 to 0.3 mg/kg of body weight in 0.20 to
0.30 ml of physiological solution in the jugular vein (the veins were pre-
pared beforehand, not using anesthesia). After i.v. injection of the above
doses of adrenalin, the control animals died as a rule, the mice in 1 to 3

minutes and the rats and guinea pigs in 5 to 10 minutes.

Development of Pulmonary Edema in Rats, Mice and Guinea Pigs with

Stimulation of the Animals by an Electric Current

Experiments on mice (31 animals) were conducted according to the following
method: the animals were held in a supine position and subjected to the
stimulus of an electric current. The electrodes were applied to the abdominal
cavity, so that under the influence of the current the entire peritoneal
wall, including the peritoneum, was subjected to the influence of the current
from an electronic stimulator (current strength 3.5 to 5.0 mA, pulse fre-
quency 42 Hz). TFifteen to twenty minutes after the start of stimulation, a
toxic dose of adrenalin was injected into the tail vein against the back-

ground of the action of the current.

The results of these experiments showed that stimulation of the perito-
neal wall in mice by an electric current reduced the development of adrenalin
pulmonary edema by 10 to 75% in half the cases, in comparison to the control

animals, which received only adrenalin.

The average pulmonary coefficient (PC) in the experimental animals
(20.8 + 1.99) was insignificantly less than for the controls (22.8 + 0.776),

but the survival rate of the experimental animals was statistically reliably
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higher: out of 10 control animals,
one survived, but 11 out of 21 experi-
mentals. These results support the
data obtained earlier. This is illus-
trated by the variation curves (Figure
11), which were plotted as follows.
All cases (experiments) of a given
group were arranged in order of in-

creasing pulmonary coefficient, whose

values are indicated on the graph by

Figure 11. Value of pulmonary coeffi-
cient in mice: I - After injection
of adrenalin (10 mice, 1 survivor);
II - After injection of adrenalin
with action of electric current (21

points.

In this case, however, the

mice, 11 survivors); III - Without abscissa is divided into equal segments,

injection of adremalin (5 mice). corresponding in number to the number

of cases (experiments) in the group
which made up a given variation series. The line linking the points of a
given variational series reflected the value of the pulmonary coefficient in

a given group of experiments.

For each group of experiments, a specific variational series was plotted
in precisely this manner (and accordingly, its curve), with the scale on the
coordinate (reflecting the value of the pulmonary coefficient) not being
changed, but the number of segments into which the axis of the abscissa was
divided changed from group to group according to the number of experiments

in a given group for each case.

In similar experiments on rabbits, we obtained much more pronounced
inhibitory effects of the supplementary stimulus on the development of
adrenalin pulmonary edema. This difference in the outcome of the experiments
has been explained until now by the fact that the experiments were performed
on different kinds of animals. 1In order to check this theory, the following

series of experiments was performed on rats.
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The results of the experiments which were conducted according to the same
system as for mice and rabbits showed that the development of pulmonary
edema in rats under the action of an electric current was also inhibited in-
significantly. The pulmonary coefficient in the experimental animals was
only slightly less (21.2 + 1.46) than in the controls (25.4 + 1.38). Six
animals out of 15 experimentals survived, while only 2 out of 14 controls

lived.

In similar experiments on guinea pigs, the electric current in all cases
reliably reduced the intensity of development of adrenalin pulmonary edema
and raised the survival rate of the experimental animals. The results of

these experiments will be discussed in greater detail in Chapter IV.

Hence, with a single pathological process caused by a single pathogenic
agent (adrenalin), the action of a given supplementary stimulus (electric
current) affects the development of a pathological process with different
effectiveness in different kinds of animals. In this connection, it was
interesting to find out whether or not the same difference exists in the
reactions of organisms of different animals to nonspecific stimuli (for

example, turpentine and formalin).

Development of Pulmonary Edema in Rats with

Subcutaneous or Intraperitoneal Injection of Formalin

To study the effect of formalin as a supplementary stimulant on the
development of adrenalin pulmonary edema, we performed experiments on 24
rats, 11 of which were experimentals and received injections of formalin and

adrenalin, and 13 controls, which received adrenalin alone.

The structure of the experiment was the usual: 0.3 ml of 4% formalin
was injected into the peritoneal cavity or 0.7 ml was injected beneath the
skin of the leg, and sometimes at four points simultaneously. When this was

done, pulmonary edema was inhibited to the greatest degree.
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Twenty to forty minutes after injection of formalin, we injected a toxic [74
dose of adrenalin i.v. (0.2 mg/kg of body weight for rats). The development
of pulmonary edema in the experimental rats in comparison to the controls was
significantly retarded. The pulmonary coefficient in the experimental animals
was equal to 12.2 + 0.4, while in the controls it was 20.6 + 1.1. A1l 11
experimentals survived (1007), while only five of the 13 controls survived
(38.5%Z). The differences in PC (Pl) and survival rate (Pz) between the
controls and the experimental animals were statistically reliable (P1 less

than 0.001; P2 less than 0.001).

Thus, formalin, as a supplementary nonspecific stimulus, has a more
effective inhibitory effect on the development of adrenalin edema of the lungs

in rats than electric current.

Development of Pulmonary Edema in Guinea Pigs,

Rats and Mice under the Influence of Turpentine

We initially tested the effect of turpentine alone in these animals.
During the first minutes following its injection subcutaneously into the
peritoneal cavity, the animals showed excitement, accompanied by a general
motor reaction. Several minutes later, excitement was replaced by general
stupor. During this period, mild mechanical sfimulus of the skin as a rule
did not produce any reaction; the animals moved sluggishly and there was a
slowdown of respiratory movements. Two to four hours later (depending on the
dose), the mice died. The rats and guinea pigs lived under such conditions
for hours and days. The lungs of the animals which died showed phenomena

indicating stagnation, and sometimes there was insignificant edema.

The first series of experiments was conducted on 11 guinea pigs, 5 of
which were controls (i.e., they received only adrenalin). The experimental
animals received turpentine as the supplementary stimulus: 0.2 ml in the
peritoneal cavity, 15 to 24 minutes prior to the injection of a toxic dose
of adrenalin (0.2 mg/kg, i.v.). The results of this series of experiments

are shown in Table 2.
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TABLE 2. DEVELOPMENT OF PULMONARY EDEMA IN GUINEA PIGS WITH
INJECTION OF TURPENTINE INTO PERITONEAL CAVITY
AND ADRENALIN GIVEN INTRAVENOUSLY

Control Experiment
I e

Expt.| Adrenalin,| Result | Pulmo- Expt. | Turpen- Adrenalin, | Result| Pulmo-

No. mg/kg nary No. tine, ml mg/kg nary
coeff. coeff.

14 0,25 Death 19,2 1 02 0,30 Sur- 74
15 025 » 26,0 18 02 0}20 vived 71
17 0,20 » 20,1 19 0:2 0,20 » 6.2
21 0,20 » 190" 20 02 0,20 » 80
2 0,20 » 240 22 0:2 0,20 » 6,6

24 02 0,20 » 89

It is clear from the table that all six experimental animals which
received turpentine before adrenalin, survived and pulmonary edema essentially
did not develop in any of them. This is indicated by the pulmonary coefficient,
which is almost the same as for the experimentals (7.4 + 0.368) and the intact,
healthy animals (6.5 + 8.5). All 5 control guinea pigs, which received only
adrenalin, died with symptoms of intense pulmonary edema (pulmonary coeffi-
cient 21.7 + 1.263). The difference in the pulmonary coefficient and in the
survival rate between the experimentals and the controls was statistically
reliable (Pl less than 0.001; P2 less than 0.001).

A second series included experiments performed on 22 rats. Turpentine
was injected in amounts of 0.3 to 0.5 ml into the peritoneal cavity, 20 to 40
minutes prior to injection of a toxic dose of adrenalin (0.4 mg/kg body

weight) in the jugular vein.

The supplementary stimulus, even in experiments on rats, inhibited the /75

development of pulmonary edema to a considerable degree, as indicated by the
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comparitively small PC for the experi~-
mental animals (14.2 + 1.39; it was

6 to 8 for the healthy animals). Out
of 12 experimental animals, 9 survived

(75%); at the same time, however, all

10 controls which had received only
adrenalin died from severe pulmonary

edema (pulmonary coefficient 25 + 1.37).

The differences were statistically re-

LI

4
8!
L2
0

liable (Pl less than 0.001; P2 less

Figure 12. Value of pulmonary coeffi- than 0.001).
cient in mice. I - After injection

of adrenalin; II -~ After injection

of turpentine and adrenalin; IIT - It is necessary to note that
No adrenalin ice). ; T
° & (5 mice) turpentine inhibited the development

of adrenalin pulmonary edema in rats

to a lesser degree than in guinea pigs.

The third series of experiments was conducted on 54 white mice. The
turpentine was injected in amounts of 0.05 to 0.5 ml into the peritoneal
cavity 10 to 15 minutes prior to the injection of a toxic dose of adrenalin
(0.020 to 0.030 mg/animal, weighing 18-22 grams). The results of the experi-

ments indicate that the supplementary stimulus almost completely prevents the

development of adrenalin pulmonary edema. This is indicated by the low pul- /76

monary coefficient (13.4 + 0.5) which exceeds the pulmonary coefficient of in-
tact mice by only 3 to 4. Of the 32 experimental mice, 28 survived, while all
22 control animals (which did not receive any turpentine) died of severe
pulmonary edema (pulmonary coefficient 23.1 + 0.92). The difference between
the experimental and control animals was reliable (Pl less than 0.01; P2 less

than 0.01). The above is illustrated by the variation curves in Figure 12.
Hence, in all experiments in which the action of a supplementary non-

specific stimulus prevented the action of the pathogenic stimulus, we

observed the sharp inhibition of pathological processes.
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In cases when the action of supplementary nonspecific stimulus was
applied following the action of a pathogenic stimulus, inhibition of the
pathological process was not observed. Instead, in the latter case we often
observed even a more intensive (in comparison to the control experiments)

development of the pathological process.

The data which we obtained, it seems to us, indicate a nervous rather
than a humoral nature of effects of supplementary stimuli. The reflex
mechanism of these effects is indicated by their dependence on the intensity
of the supplementary nonspecific stimulus and the sequence of action of the

specific and nonspecific stimuli.

It seems to us that nonspecific stimulation of a certain intensity forms
a focus of dominant stimulation in the CNS, thanks to which the remaining
reflex reaétions of the organism are inhibited to a greater or lesser degree
(not having any relationship to the given dominant stimulus). Then, apparent-
ly, the reflex components of all the above-described pathological processes
are inhibited, which makes it possible to prevent their development (Kositskiy,
1956 b, 1962b).

However, in describing similar phenomena, Selye says that the increase
in resistance and the prevention of development of pathological processes in
these cases are dependent on the intensification of the activity of the
endocrine glands (the hypophysis-adrenal system) and adaptive hormones which
are injected into the blood. 1In talking about the "chiasmic resistance",
Selye states that the adaptive hormones which are produced under the in-
fluence of stressors raise the resistance of the organism relative to the

action not only of these stressors, but of other pathogenic stimuli as well.

Since the differences in evaluating the observed phenomena are very
important for this work, it is necessary, first of all, to describe in greater
detail the basic tenets of the school of G. Selye. After that, we shall give
some data on the results of experimental tests of this concept, using several

models of pathological processes.

97



CHAPTER III

DO SELYE'S CONCEPTS EXPLAIN THE PHENOMENON
OF "NONSPECIFIC RESISTANCE"?

"Stress' Reaction
Mechanisms and "Nonspecific" Resistance
In 1936 there appeared in one of the journals a brief article by the /77

young investigator, Hans Selye, entitled, "A Syndrome Produced by Various
Stimulating Agents.”" This paper presented data on the standard reactions

of an organism under the influence of completely different pathogenic agents.
Several aspects of these reactions were reminiscent of the changes described
by A. D. Speranskiy (1935) under the rubric of "standard forms of nervous
dystrophies" and often observed by I. P. Pavlov in dogs after traumatizing
operations on the gastrointestinal tract. In this and later works, Selye
(1956, 1960, 1967) wrote that the action of any harmful agent in rats caused
the development of severe ulceration of the gastrointestinal tract and many
other trophic disorders, accompanied by an increase in the activity of the
adrenal cortex, involution of the thyroid gland and lymphatic apparatus,

lymphopenia, eosinopenia and polymorphonuclear leucocytosis.

Selye labelled these phenomena of nonspecific reaction of the organism
to the action of any harmful agent "stress" (using the English word), while
the various irritant agents causing this reaction were referred to as

"stressors'.

According to Selye, "stress" consists of a general adaptational syndrome
(GAS), a reaction which increases the resistance of the organism to the
action of any harmful agent. Such an increase in resistance, in Selye's
opinion, is linked to an increase in the function of the adrenal glands — the
pituitary and the adrenal cortex. A "stressor", acting on the organism or
any part of it, causes damage to tissues and the excretion of a "metabolite".

The "metabolite'" acts on the pituitary and causes an increase in the secretion
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of hormones from its anterior portion: somatotropic hormone (STH) and
adrenocorticotropic hormone (ACTH). The latter acts on the adrenal cortex,
causing an increase in secretion of two types of hormones — mineralocorti-

coids and glucocorticoids.

The mineralocorticoids (desoxycorticosterone, etc.) regulate mineral /78
exchange and further the retention of sodium in the organism. They exert
an "inflammatory" effect, intensifying the inflammatory reaction under the

influence of harmful agents.

The glucocorticoids (cortisone, hydrocortisone, etc.) act on the protein,
fat and carbohydrate metabolism. They promote protein breakdown in organs
and tissues, and lead to an increase in the amount of amino acids and blood
sugar. These hormones inhibit allergic and inflammatory reactions and were

called "anti-inflammation" hormones by Selye.

According to Selye, the increased secretion of these "adaptive'" hormones
ensures a change in the reactivity of the organism, i.e., an increase in

resistance to the action of various stressors (Figure 13).

The development of a general adaptational syndrome has three stages,

according to Selye:

1) The "anxiety stage', or the one in which the adaptation reaction
occurs, when the ''stressor" begins to cause increased production of ACTH
and adrenal hormones; the resistance of the organism rises after an initial

decline.

2) The "resistance stage', characterized by intensive production of
adaptive hormones, leading to a further steady increase in the resictance

of the organism;

3) The "exhaustion stage', in which there is an exhaustion of the

pituitary and the adrenal cortex, a sharp decline in the production of
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Figure 13. Diagram of the '"stress” ] )
reaction (according to Selye). (1) Figure 14, Changes and resistance

Agent; (2) STH; (3) ACTH; (4) In- (heavy curved line) in differgnt
flammatory corticoids; (5) Anti~ stages of "stress": (1) - Anxiety

inflammation corticoids; (6) Danger:
inflammation nephrosclerosis, hyper- (3) - Stage of exhaustion (accord-

tonia, etc.; (7) Danger: infection, ing to Selye).
necrosis, thymolysis, lympholysis,
catabolism, etc.

adaptive hormones and a marked decrease in the resistance of the organism

(Figure 14).

The state of the pituitary-adrenal cortex system, according to Selye,
determines the level of the protective reactions of the organism, as well as

the nature of the course of the pathological process or illness.

"stress" that develops

Selye suggests, in particular, that the state of
under the influence of any "'stressor'" raises the resistance of the organism,
not only to the given "stressor", but to other pathogenic stimuli at the
same time. Selye called this ability of the organism (1961) '"chiasmic
resistance". The concepts of H. Selye regarding "stress'" have been wide-
spread in the last 20 years. Many thousands of studies have been devoted to

these concepts.
After the work of Selye, any increase in the resistance of the organism

which developed in response to the action of any supplementary nonspecific

stimuli was treated by many authérs as a direct proof of the validity of
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Selye's concept regarding "stress" and "chiasmic resistance' and the parti-

cipation of "adaptive hormones" of the adrenal cortex in these processes.

Meanwhile, much of the information which we have gained shows that the
increase in resistance of the organism under the influence of supplementary
nonspecific stimuli cannot be explained from the standpoint of Selye's
concept and do not support the basic views of this concept. We obtained
information of this kind in our experiments with adrenalin pulmonary edema,
anaphylactoid reactions and other pathological processes, i.e., in precisely
those models which were widely employed by Selye and his followers as the

basis for the concept of "stress'.

Selye (1938-1952) observed an increase in the resistance of animals to
toxic doses of adrenalin in experiments with preliminary exposure to cold,
formalin and other "stressors'. He felt that the increase in resistance
observed under these conditions occurred as a result of an increase in the

production of corticosteroids (Selye, 1952, 1960, 1961).

We know that the production of corticosteroids is regulated by a hormone
produced by the anterior section of the pituitary (ACTH). Inasmuch as the
present paper is a detailed study of the problem of whether hormonal mechanisms
are involved in the prevention of the development of adrenalin pulmonary edema
under the influence of supplementary nonspecific stimuli, we must spend some
time in discussing the current concepts regarding the regulation of ACTH

production.

Several theories exist at the present time regarding the mechanism of /80
regulation of the production and secretion of ACTH into the blood. 1In 1922,
Cannon showed that the action of any stimulus (for example, pain) on the
organism causes excretion of adrenalin from the adrenal cortex. According
to Long (Gershberg, Long, 1950) adrenalin acts directly on the anterior lobe

of the pituitary, stimulating the production of ACTH. This view is uncertain,
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and at the present time the possibility of a direct action of adrenalin on
the pituitary is disputed. Adrenalin plays an important role in the activa-
tion of secretion of hypothalamic neurohumors, which in turn stimulates the
anterior lobe of the pituitary (Ingle, 1956; Utevskiy, Barts, 1964; Eskin,
Shchedrina, 1964; Rothballer, 1959).

Another theory which has enjoyed wide popularity is that of Sayers, et
al. (Sayers, G. A., Sayers, M., 1945-1946), which holds that the excretion of
ACTH depends only on the amount of corticoids in the peripheral blood. When
the amount of corticoids in the blood increases, the excretion of ACTH from
the pituitary decreases, while the decrease of adrenal steroids in the blood
causes an increase in the production of ACTH (Sayers and Sayers, 1947, 1948;

Afinogenova 1957; Yudayev, 1961; Mayorova, 1963; Shapiro, et al., 1958).

However, not even this theory can explain all of the experimental data.
In the first place, it has been shown that the level of corticoids in the
blood is not the only factor governing the secretion of ACTH. Thus, for
example, in adrenalectomized animals with a high ACTH level in the blood, the
action of a "stressor" leads to further increases in ACTH in the blood. Imn
the second place, it has been established that the pituitary plays an
important role in the regulation of ACTH secretion. The action of a "stressor"
does not lead to excretion of ACTH in animals with a damaged pituitary

(Bagramyan, 1964a).

The theory of hypothalamic control of ACTH secretion is widely accepted
at the present time (Harris, 1948). The rapid inclusion of the pituitary in
a reaction to a stimulus indicates nervous regulation of the activity of this
gland. Stimulation of the pituitary by an electric current increases the

content of 17-oxycorticosteroids in the peripheral blood (Mason, 1956, 1958).‘

The link between the hypothalamus and the pituitary is formed by neuro-

secretion.
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The hypothalamus excretes an active agent of peptide type, which has
been called the factor which activates the secretion of ACTH: the cortico-
tropin-realizing factor — CRF (Saffran, et al., 1955; Guillemin, et al.,
1957; Schally, et al., 1958; Clayton, et al., 1957; Vladmirov, 1963).

The function of the hypothalamus is in turn dependent on the effects of
other portions of the central nervous system. Stimulation of the hippocampus,
the anterior cingular region and the brain septum inhibits the hypophyseal-
adrenal system, while stimulation of the amygdaloid nuclei and the posterior
orbital surface stimulates this system (Okinka, 1961; Fendler, et al., 1961;
Mason, 1959; Martin, et al., 1958; Endroczi, Lissak, et al., 1959).

By studying the effect of conditioned reflexes on the excretion of ACTH,
I. A, Eskin, et al (1957, 1959) showed that the cerebral cortex is also
involved in the regulation of ACTH.

It has also been demonstrated that the system formed by the pituitary
and the adrenal cortex is involved in the "anxiety reaction'", a reflex action
produced by the influence of painful stimuli, This is indicated by the fact
that stimulation of the endings of cut sciatic and femoral nerves with an
electric current is not accompanied by excretion of ACTH (Mikhaylova, 1955;
Eskin, 1957; Balitskiy, Zak, 1959).

We should mention that Selye (1961) was able to evoke a GAS by traumati-
zation of even a denervated extremity, and, therefore, suggested that the
"first mediators' of the stressor reaction could be chemical substances

formed at the affected point.

Redgate (1960) showed, however, that the concentration of ascorbic acid
in the adrenals does not decrease when the hind legs are stimulated with an
electric current in rats following cutting of the spinal cord at the level of
the second thoracic vertebra, as is the case for normal animals. However,

stimulation of the front paws of the animals causes excretion of ACTH from the
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pituitary. Proof of this is the decrease in the concentration of ascorbic

acid in the adrenals.
Consequently, Selye's opinion, as stated above, is not supported, since
the involvement of the pituitary-adrenal cortex system in the "anxiety

reaction" occurs only with an intact nervous system.

Our studies were devoted to testing Selye's concept of the "chiasmic

resistance"”. We used adrenalin pulmonary edema as the experimental model.

Development of Pulmonary Edema by the

Injection of "Adaptive Hormones"

Several experimental studies are currently in progress which are devoted
to the study of the role of adaptive hormones in the development of patholo-

gical processes and in the development of pulmonary edema in particular.

Thus, Prasad (1958) prevented the development of chloropicric pulmonary /82
edema in guinea pigs by repeated injection of ACTH (1 mg per animal) and
prednisolone for three days before the experiment and two injections of 2.5 mg
each on the day of the experiment. The author explains this inhibitory effect
produced by the use of hormones by the normalizing effect on the collagenic

tissue of the interalveolar areas.

However, N. P. Smirnov (1955a, b, 1956a-c) successfully used a preliminary
injection of cortisone (5 mg per 100 g) and ACTH (5-10 units per 100 g) to
retard the development of toxic pulmonary edema in rats, produced by intra-
peritoneal injection of ammonium chloride, but in only 50% of the cases. A
decrease in the activity of hyaluronidase in the lung tissue was observed.

The author showed that the injection of cortisone (10 mg per kilogram) reduces
the permeability of the vessels, determining this by the method of I. A, Oyvin
and K. N. Monakova (1953).
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There are also scattered reports of the use of hormones for prevention
of adrenalin pulmonary edema. Thus, Henschler and Reich (1959) prevented
adrenalin pulmonary edema in an experiment by preliminary injection of

prednisolone in a dose of 8 mg per kilogram.

V. P. Antonov (1964) observed an opposite result in his experiments.
After intramuscular injection of ACTH (3 units per animal) into rats four
hours before injection of toxic doses of adrenalin (0.5 mg per 100 g, in the
chest cavity), the author found severe pulmonary edema in all cases, with

characteristic c¢linical, pathoanatomical and histological symptoms.

Hence, regardless of the large number of studies of the effect of
cortical steroids and ACTH on the course of various types of experimental
pulmonary edema, the question of the possibility of preventing the develop-

ment of pulmonary edema remains open.

In order to test the concept of Selye, it is necessary first of all to
answer the question of whether adaptive hormones play a role in the preven-
tion of adrenalin pulmonary edema with the action of supplementary stimuli.
With this goal in mind, we initially studied the effect of preliminary
injection of the usual doses of hormones (ACTH, hydrocortisone and adrenalin)

and "

physiological' doses of ACTH on the development of adrenalin pulmonary
edema and also investigated the development of pulmonary edema under the
influence of supplementary stimuli upon the organism with exclusion of the

pituitary-adrenal cortex system.

The experiments were performed on 20 white mice of both sexes; 1-2 mg of
hydrocortisone were injected intramuscularly 1 to 3.5 hours before injection
of a toxic dose of adrenalin into the tail vein. The results of the experi-
ments showed that hydrocortisone reduced the intensity of adrenalin pulmonary
edema to a very insignificant degree in the experimental mice, as indicated
by the high pulmonary coefficient of these animals (23.6+1.56), approximately
equal to the pulmonary coefficient of the control mice (25.6+1.04), which

received only adrenalin.

105



Only two of the ten experimental
animals survived, while all of the
controls (10) died. In contrast to
the hormone, a supplementary stimulus
(turpentine) prevented the development
of pulmonary edema in all animals.

This is shown by the variational curves
(Figure 15). The difference between

the controls and the experimental

animals in regard to both indicators
Figure 15. Value of pulmonary co-
efficient in mice: I - Following
injection of adrenalin (10 mice all was not reliable (Pl>0.2; P2>0.1).
died); II - After injection of
hydrocortisone and adrenalin (10
mice, 2 survived); III - After on 13 mice, we used one of the classi-
injection of turpentine and
adrenalin; IV - Without injection
of adrenalin (5 mice). system ("stressors', according to

(pulmonary coefficient and survival)
In subsequent experiments performed
cal stimulants of the pituitary-adrenal

Selye) — adrenalin. In these experi-
ments the adrenalin was injected twice: 1initially a small amount of
adrenalin (0.009-0.015 mg) was injected subcutaneously; three to nine minutes
later (i.e., following an interval of time sufficient for prevention of
development of adrenalin pulmonary edema by the injection of turpentine) a
toxic dose was injected into the tail vein (0.01500-0.02000 for an animal
weighing 18 to 24 grams). It was assumed that endogenic adaptive hormones
had accumulated in the organism by the time the toxic dose of adrenalin was

injected.

The results of these experiments showed that the preliminary subcu-
taneous injection of small doses of adrenalin has only an insignificant
effect as far as inhibiting the development of adrenalin pulmonary edema
is concerned. The value of the pulmonary coefficient in the experimental
animals (20.6+1.307) is practically the same as that for the control mice
(22.3+1.982), which received only one toxic dose of adrenalin. This is

illustrated by the variational curves in Figure 16.
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Other experiments were performed
on rabbits, with small doses of adrena-
lin being adminstered intravenously.

In addition, we increased the time
between the injections of the small

and toxic doses of adrenalin.

s} The experiments were conducted

. T ” on 35 animals with recording of pneumo- /84

Figure 16. Value of pulmonary co- grams and arterial pressure in the
efficient in mice: I - After intra-
venous injection of toxic doses of
adrenalin (6 mice, all died); II - doses of adrenalin (0.025-0.005 mg)
After subcutaneous and intravenous
injection of adrenalin (7 mice, 3
survived); III - After injection of five times) into the marginal vein of
turpentine and adrenalin (32 mice,
28 survived); IV - Without injection
of adrenalin (5 mice). of adrenalin were injected by infusion

right carotid artery. Repeated small

were injected repeatedly (three to

the ear. In two experiments, 0.05 mg

in 20 ml of physiological solutiom.
From 20 to 42 minutes after the beginning of the injection of these small
doses of adrenalin, a toxic dose of adrenalin was injected into the marginal
vein of the ear (0.30-0.35 mg per kilogram, for thirty seconds as usual). In
the control experiments, physiological solution was injected instead of the

small doses of adrenalin.

The results of the experiments showed that preliminary intravenous
injection of small doses of adrenalin had a very slight effect in inhibiting
the development of adrenalin pulmonary edema in rabbits, but not in all
animals. The pulmonary coefficient in the experimental rabbits was 11.13+
+0.851 (13.14+0.769 in the controls). The survival of the control rabbits
(13 out of 25 survived) and experimentals (5 out of 10 survived) were
practically the same (Figure 17). The difference between the experimental

animals and the controls was unreliable (p,>0.1; P_>0.5).

1 2

Since, according to Selye, adrenalin is a factor which produces the

development of the "stress reaction", we may assume that the "stress reaction",
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0 . =
Figure 17. Value of pulmonary coeffi-
cient in rabbits: I - After injec-
tion of 1 toxic dose of adrenalin

(25 animals, 13 survived); II -
Following preliminary injection of
small doses of adrenalin and sub-
sequent injection of a toxic dose

in rabbits (10 rabbits, 5 survived);
IIT - Without injection of adrenalin.

this increase is insignificant (10 to 15 mm Hg) and brief.

minutes the hydrostatic pressure
even decreased somewhat.

was normal (Figures 18-20).

According to Selye, ACTH is
adaptive hormones; the secretion

increases under the influence of

a direct stimulator of the production of

any "stressor" on the organism.

according to Selye, does not play the
critical role in this case as far as
the prevention of pulmonary edema is

concerned.

The slight decrease in the
development of pulmonary edema in the
experimental animals in the case of
preliminary intravenous injection of
small doses of adrenalin may be linked
not to an increase in the production
of adaptive hormones, but to a de-
crease in arterial pressure. The fact
is that a preliminary injection of
small doses of adrenalin does raise the
blood pressure in the animals, but

In one to three

returned to the initial level as a rule and

In the control experiments, however, the pressure

of ACTH from the pituitary into the blood

Hence, in

the following experiments which were performed on 31 mice, we attempted to

determine whether the development of adrenalin pulmonary edema could be

preve